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SPECIFICATION 
TITLE OF THE INVENTION 
APPARATUS AND METHOD FOR SIMULTANEOUSLY COATING 
AND MEASURING PARTS 

5 

BACKGROUND OF THE INVENTION 
The present invention relates in general to a coating apparatus and 
specifically, to an apparatus and method for simultaneously coating and 
measuring a part, and simultaneously coating the part based on the desired 
10 dimension of the part, desired coating thickness or both the desired dimension and 
coating thickness. 

Several different types of parts that rub, slide rotate or otherwise move are 
manufactured and assembled for various industries. The parts are used on 
different types of products, devices, equipment and machines. The characteristics 

15 of the parts vary based on the particular use for the parts. Some parts used in 
certain products, devices, equipment and machines are often subject to stress 
such as wear and heat. Eventually, certain parts break or become ineffective after 
continuous and repeated use. 

One method commonly used to increase the durability of the parts subject 

20 to various types of stresses during operation is to apply protective coatings to the 
parts. Some coatings protect parts against friction or wear so that the parts are 
more durable and last longer in operation. Other coatings enhance the aesthetic 
appearance or corrosion resistance of the parts. Coatings may be applied to the 
entire part or only applied to a particular wall, portion or section of the part. The 

25 particular coating, and application of the coating, depends in part on the part and 
the coating process requested or desired by the manufacturer of the part, 
purchaser of the part or user of the part. 

Known coating apparatus coat several different types of parts including 
machined, threaded, fabricated, molded and die-cast parts. Such parts are 

30 typically manually placed on a part holder or support and then sprayed with a 
coating. The part may be moved as necessary to coat the part or the particular 
portions of the part. The vast majority of parts have dimensional tolerances or 
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tolerance levels, and design specifications that limit the size (including all 
dimensions) of the part and the amount of coating, such as the maximum and 
minimum amount of the coating that may be applied to the part or any section, 
portion or dimension of the part. The maximum and minimum coating thicknesses 
5 for a part or parts are determined based on mechanical, dimensional and/or 
corrosion requirements and other similar quality or design parameters. The 
dimensional tolerances and design specifications are determined from detailed 
calculations based on the particular machine, equipment, product, device or 
industrial operation that the part will be used in. Therefore, the part must be 

10 measured to ensure that the part falls within and does not exceed the particular 
dimension tolerances and/or maximum and minimum coating thicknesses 
specified for the part so the part will fit to allow assembly of the part and function 
for the design and/or warranty life of the unit or assembly. 

In one known process, non-coated parts are initially measured to determine 

15 if they are within an acceptable dimensional range. Some non-coated parts are 
too large and cannot be coated because the coating will make the parts larger 
than the upper dimensional limit of the parts, and unfit for use. Other non-coated 
parts are too small and cannot be coated because too much coating would have' to 
be applied to the parts in order to meet the predetermined dimensional tolerances. 

20 Such excessive coating on a part may become weak and may be prone to 
breaking or causing the part to fail during operation. Such unusable parts are 
usually discarded or recycled. The non-coated parts that are within an acceptable 
dimensional range for coating are individually placed on a part support and 
sprayed or coated by a sprayer. The sprayer sprays or coats the part with an 

25 amount of coating determined according to a particular procedure that is 
calculated, and often estimated, by the operator or processor so that a reasonably 
sufficient amount of coating is applied to the part to make the part within 
dimensional tolerances. In certain known coating systems, the amount of coating 
is not determined for each part, but rather for a group or lot of parts. Therefore, 

30 the amount of coating applied to each part may or may not be based on the exact 
measurement of such part as the wet or dry coating to be applied to the parts 
cannot be measured with mechanical contact-type measuring devices. Even if a 
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mechanical contact-type measuring device were used to measure the coated part 
or parts, the applied coating on the part would be blemished or altered due to the 
contact of the measuring device on the coating which renders the part or parts 
unusable. 

5 In other known coating systems, prior to coating the part, the part is 

measured to determine if it is within acceptable dimensional ranges established for 
the part. If the part is within the acceptable dimension range, the amount of 
coating needed to coat the part to achieve the final product size is calculated and 
then applied to the part. After the coating is applied, the part is measured to 

10 ensure that the coated part is still within the dimensional tolerance limits and 
design specifications for the part. If the coated part is not within the dimensional 
tolerance limits and/or the design specifications for the part, the part is unusable 
and either the coating is removed and subsequently re-applied or the part is 
discarded. If the part falls within the tolerance limits and design specifications for 

15 the part, the part is removed from the part support and transported to the 
manufacturer, purchaser or user of the part. 

One known problem with such known coating processes is that the coating 
that is applied to the part is applied without any measurements taken while the 
part is being coated. After completion of the coating process, the coated part is 

20 measured to determine if it is within established dimensional tolerance levels and 
design specifications. If the coated part is not within the established tolerance 
levels and design specifications, the part cannot be used for its intended purpose. 
If the part is too large or too big, the part dimension cannot be reduced in order to 
meet the desired design specifications. Similarly, if the part is too small after 

25 applying the coating, additional coating cannot be applied because the original 
coating has been dried or oven cured and additional layers of coating would 
diminish the strength and durability of the part due to poor adhesion between the 
coating layers. Specifically, when low friction coatings such as Teflon® are used 
to coat a surface of a part and the coated surface is cured, the coated surface 

30 cannot be re-coated if the measured dimension of the part is too small. As a 
result, the coating on the part must be completely removed before the part can be 
re-coated or the part must be discarded. However, even if more coating could be 
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added to the part, this essentially doubles the amount of time spent to produce a 
dimensionally acceptable part. 

Therefore, a significant margin of error is introduced into or present in the 
known coating processes based on the calculation of the amount of coating to be 
5 applied to achieve the final product. The known coating processes calculate the 
total amount of coating needed to achieve the final part size only at the beginning 
of the coating process and in certain systems based on measurements taken of a 
group or lot of parts instead of individually on the part to be coated. In such case, 
all of the calculated amount of coating is applied to the part. Applying a large 
10 amount of coating to the part is less accurate than applying a smaller amount of 
coating because the margin of error is greater. As a result, some or all of the parts 
in a lot or batch of parts are unusable because the coated part or parts are outside 
of the acceptable dimensional tolerance levels for the part or parts. 

Accordingly, there is a need for a coating apparatus and method that 
15 accurately measures a part size and/or the maximum and minimum coating 
thicknesses of a part while coating the part so that the part is coated with greater 
accuracy, consistency and efficiency, to provide complete usability of an entire lot 
or batch of parts. Additionally, there is a need for a coating apparatus and method 
that accepts varying uncoated part sizes and selectively applies a proportional 
20 amount of coating to the uncoated parts to generate coated parts, which have a 
final coated size within the desired design specifications for the parts. 

SUMMARY OF THE INVENTION 
The present invention provides a coating apparatus and method and more 
specifically a coating apparatus and method which measures a part, applies a 
25 coating to the part based on such measurement and continuously measures the 
part during the coating process. 

One embodiment of the coating apparatus and method of the present 
invention includes a frame, a part support positioned adjacent to the frame, a 
sprayer connected to the frame and positioned adjacent to the part support, a part 
30 measurer connected to the frame and positioned adjacent to the part support, a 
processor that receives the measurements recorded by the part measurer and 
calculates the particular dimension of the part before and as the part is being 
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coated by the sprayer and a display device that displays the part dimension or size 
to an operator before, after and during the coating process. In one embodiment, 
the coating method of the present invention applies an initial amount of coating 
and then a final amount of coating to the part. Applying the coating in two steps 

5 and in one embodiment applying a smaller final amount of coating, reduces the 
margin of error associated with the coating process which increases the accuracy 
of the coating process. 

In one embodiment, the part support receives and holds the part during the 
measuring and coating process and rotates or otherwise moves the part as 

10 needed to ensure that the part or the portion or section of the part to be coated is 
sufficiently and equally coated by the sprayer. The part support is mounted on a 
housing which encloses a motor. The motor is mounted in the housing and 
causes the part support to rotate or otherwise move. The motor housing is 
secured to the frame to maintain the position of the part during the coating 

15 process. In another embodiment, the part support includes a conveyor which is 
positioned adjacent to the frame and adapted to hold and transport a plurality of 
parts. The conveyor transports each part to a position in front of the sprayer to be 
coated by the sprayer. The conveyor then transports the parts to other processes 
which makes the coating process fully automated. 

20 In one presently preferred embodiment, the part measurer is secured to the 

frame and includes a laser generator and a laser receiver. In one embodiment, the 
laser generator is a laser scan micrometer. However, the laser generator may be 
any suitable laser generator. The laser generator generates a continuous laser 
beam which includes a plurality of rays which are projected onto the part and 

25 specifically on the dimension of the part to be coated. In one preferred 
embodiment, the laser generator and laser receiver are each mounted in 
protective housings. Each housing preferably includes a transparent removable 
section or member which enables the laser beam to pass through the section 
while protecting the laser generator and laser receiver from overspray. Certain 

30 portions of the laser beam or certain rays of the laser beam pass by the part and 
are received by the laser receiver. Other portions of the beam or certain rays are 
blocked by the part and are not received by the laser receiver. The laser receiver 
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generates electrical signals based on the received portions of the laser beam. The 
signals are communicated to the processor which calculates the measurement of 
the dimension the part based on which rays are blocked and which rays are 
received by the laser receiver. The measurement data is communicated to the 
5 display device and displayed to an operator. In one embodiment, the operator 
may choose the type of information that is displayed on the display screen of the 
display device, such as the upper and lower dimension tolerance levels for the 
part. 

In one embodiment, a plurality of part measurers including at least one 

10 laser generator and at least one laser receiver are positioned adjacent to the part 
on the part support. In this embodiment, each part measurer or each laser 
generator and corresponding laser receiver projects a laser beam and measures a 
different section of the part being coated by the sprayer. In another embodiment, 
the laser generators and corresponding laser receivers project laser beams and 

1 5 measure different coatings applied to a section or sections being coated on a part. 
For example, a first laser generator and a first laser receiver projects a laser beam 
and measures a base coating applied to a section of a part and a second laser 
generator and a second laser receiver projects a laser beam and measures a top 
coating or final coating applied to the same section of the part. 

20 In one presently preferred embodiment, an exhaust duct is positioned on 

the side of the part support opposite the sprayer. The exhaust duct generates a 
vacuum or suctioning affect, which suctions and captures excessive spray or 
overspray generated by the sprayer which is not applied to the part. The exhaust 
duct may be any suitable type of exhaust duct. 

25 In one presently preferred embodiment, the coating apparatus includes air 

movers positioned adjacent to the housings for the laser generator and the laser 
receiver to direct air across the transparent sections of the housing. This 
minimizes the amount of overspray from the sprayer that accumulates on the 
surfaces of the transparent sections of the housings of the laser generator and the 

30 laser receiver. Such accumulated coatings would eventually obstruct the laser 
beam generated by the laser generator and affect the measurement of the parts. 
In one preferred embodiment, the protective transparent members, plates or 
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panels such as glass plates are slideably connected to the housings of the laser 
generator and the laser receiver. In another embodiment, the glass plates are 
removably connected to the housings using suitable adjustable and/or removable 
connectors or fasteners. It should be appreciated that the glass plates may be 
5 connected to the housings using any suitable connectors or connecting methods. 
It should also be appreciated that the air movers may alternatively suction or blow 
air to remove the excess coating from the vicinity of the glass plates. 

In another embodiment, the sprayer applies a coating or coatings to a 
section of a part using a pulsing spray to prevent the coating or coatings from 

10 obstructing the laser beam emitted by the laser generator. Preventing the coating 
from obstructing or interfering with the laser, further enhances the accuracy of the 
dimension measurements taken by the part measurer. In this embodiment, the 
processor or computer controls the sprayer and causes the sprayer to generate 
the pulsing spray by activating the sprayer or turning the sprayer on for a 

15 designated time interval and then de-activating the sprayer or turning the sprayer 
off for a designated time interval. The processor also controls the laser generator 
and causes the laser generator to emit a laser beam when the sprayer is 
deactivated and deactivates the laser generator when the sprayer is activated. 
The alternate sequencing of the operation of the sprayer and the laser generator 

20 continues until the coating applied to the section of the part achieves a designated 
or desired thickness. 

In an alternative embodiment, the sprayer applies a coating to a section of 
a part by using the pulsing spray method described above while the laser 
generator remains activated or continuously emits a laser towards the part. In this 

25 embodiment, the laser generator remains activated and takes measurements of 
the section of the part being coated when the sprayer is not coating the section of 
the part. Thus, the sprayer and laser generator alternately, sequentially apply the 
coating and take measurements of the section of the part. This sequence 
continues until the coating applied to the section of the part achieves a designated 

30 or desired coating thickness or dimension measurement for the section of the part. 

In a further embodiment, a transparent protective device such as a roll of a 
protective material such as a suitable clear or transparent film or ribbon is attached 
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adjacent to the front of each of the housings of the laser generator and the laser 
receiver to protect the laser generator and laser receiver and prevent the build up 
of coating on the front of the housings. The transparent film may be made using 
any suitable material such as a suitable plastic material which has a sufficient and 
5 suitable width and thickness. The transparent film advances or indexes from a 
protective material provider or film provider such as a first roller on one side of the 
front of the housing to a protective material receiver or film receiver such as a 
second roller on the other side of the housing. In one aspect of this embodiment, 
the second roller is rotatably connected to a suitable actuator such as a motor 

10 which is in communication with a processor. The processor causes the motor to 
rotate the second roller and advance or index the transparent film in intervals to 
provide a continual clear, clean and protective surface or window in front of each 
of the housings. It should be appreciated that other mechanisms may be 
employed in accordance with the present invention to provide a transparent 

1 5 protective material for the laser generator and the laser receiver. 

One embodiment of the method of the present invention generally includes 
the steps described below. The part is initially measured to determine if the part is 
within a particular range of acceptable dimensions or sizes for the parts. To take 
the measurement, the laser generator generates a laser beam which is directed at 

20 the part. The laser receiver receives the unblocked portions of the laser beam and 
converts this information into electrical signals. The electrical signals are 
communicated to the processor, which calculates the dimension or size 
measurement of the part and/or the coating thickness of the coating on the part. If 
the part is unacceptable (i.e., the part size or coating thickness is not within an 

25 acceptable range) a prompt is provided to the user and the part is removed and 
discarded or recycled as necessary. If the part size and/or coating thickness is 
within an acceptable range, the measurement is communicated to the display 
device, which displays the measurement information to the operator. In a fully 
automated embodiment, the measurement is communicated to a robot (i.e., 

30 processor) or other processor, which controls the operation of the apparatus. ' In 
the semi-automated embodiment described above, the operator presses or 
activates an input such as a start button or pedal to initiate the coating process. 
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After the input is activated, the processor turns the sprayer on and begins to coat 
the part. Once the part achieves the desired size, dimension and/or coating 
thickness for the part, the sprayer is shut off and the coated part is transported to 
another manufacturing area for further processing. 
5 The coating may be applied in one or more steps using one or more spray 

guns to apply the coating or coatings to the part. In one presently preferred 
embodiment of the present invention, the coating is applied to the part in two steps 
with two sprayers. First, an identical, initial amount of coating is calculated and 
applied to each part. This initial coating may be the same coating or a different 

10 coating than the subsequently applied coating or coatings. The initial amount of 
coating is preferably greater than half of the total amount of coating to be applied 
to each part. In one embodiment, a significant percentage of the total coating 
such as approximately ninety-five percent of the total coating is first applied to 
each part. Each part is then re-measured with the laser device and a final amount 

15 of coating is calculated and applied to the parts. The final amount of coating is a 
smaller amount and therefore, the margin of error in calculating the amount of 
coating to be applied is significantly smaller and the total processing time of the 
parts is significantly reduced. By coating each part in two sequential coating 
steps, the present invention significantly reduces the margin of error or deviation 

20 between the final part size and the desired part size and increases production. 

In another embodiment, the coating is applied to the part based on the 
desired dimension for the part. In this embodiment, the sprayer applies a coating 
to the part while the part measurer measures the dimension of the part being 
coated. The sprayer continues to apply the coating to the part until a 

25 predetermined dimension is achieved for the part. At this point, a final amount of 
coating is calculated and applied to the part as described above. The sprayer 
applies the final amount of coating to the part while the part measurer measures 
the part until the desired dimension is achieved. 

In a further embodiment, the sprayer applies the coating to the part while 

30 the part measurer measures the part until the final desired dimension is achieved 
for the part. Therefore, the coating is applied to the part until the part measurer 
measures the desired final dimension for the part. 

9 
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In another embodiment, the coating is applied based on the desired 
thickness of a coating applied to the part. The coating is applied to the part while 
the part measurer measures the thickness of the coating that is added to the part. 
When a desired coating thickness is achieved, the sprayer shuts off and the part is 
5 transported for further processing. 

In a further embodiment, one or more coatings are applied to a part using a 
plurality of sprayers or spray guns in sequential steps. Each sprayer may apply 
the same coating, different coatings or any combination of coatings to the section 
or sections of the part. In one example of this embodiment, three sprayers are 
10 directed at a section of a part to be coated and the sprayers apply a base coating 
or primer, a middle coating or midcoat and a final coating or topcoat to the section 
of the part. The coatings are applied to the part separately while the part 
measurer simultaneously measures the thickness of each of the coatings as the 
coatings are applied to the part. The processor receives the coating thickness 
15 measurements for each of the coatings from the part measurer and controls the 
sprayers to apply a predetermined amount of each of the coatings to the part. 

In one embodiment, the coating apparatus measures and coats only one 
portion of a part such as the outer surface of the part. In another embodiment, the 
part support moves the part in different directions such as upwards and 
20 downwards, so that more than one portion of a part can be measured and coated. 
In this embodiment, a shield may be employed to protect the other sections of the 
part from being coated. 

In one embodiment of the present invention, the part is manually placed 
and removed from the part support in the coating apparatus and method of the 
25 present invention. In another embodiment, the part is placed on a part support 
which includes a conveyer which transports the part. In a further embodiment, the 
part is mechanically placed and removed from the part support such as by a 
robotic arm or similar device in the coating apparatus of the present invention. 
The present apparatus and method significantly enhances the productivity and 
30 production rates for manufacturing lines that coat parts because less time is 
needed to manually move and measure the parts. 
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In an alternative embodiment, the part measurer further includes a digital 
camera positioned adjacent to the part support. In this embodiment, the digital 
camera includes a digital motion picture camera, a digital television camera or a 
DVT camera. In another embodiment, the term digital camera is meant to include 
5 an analog camera in conjunction with a digital converter, which converts the 
analog picture or pictures taken by an analog camera to digital pictures. In one 
embodiment, the digital camera takes a plurality of sequential digital pictures of the 
entire part as one of the sections or surfaces of the part is being coated by the 
sprayer. Each of the pictures includes a plurality of pixels or picture elements. The 

10 sequential digital pictures (i.e., the pixels) are transferred or transmitted from the 
digital camera to a processor such as a central processing unit in a computer. In 
one embodiment, a display device such as a computer monitor displays the digital 
motion picture of the part as it is being coated by the sprayer. Additionally, the 
processor calculates the dimension measurements of the entire section of the part 

15 being coated based on the sequential digital pictures taken by the digital camera 
and displays these measurements on the display device. Using the calculated 
dimension measurements of the entire section being coated, the apparatus coats 
the section of the part with greater accuracy. Additionally, the DVT type part 
measurer detects defects or irregularities such as angles, tapers, coating drips or 

20 lumps, and any other irregular type of surface formed on the section of the part 
being coated with greater accuracy. 

In one embodiment, the part measurer includes a laser generator, a laser 
receiver and a digital camera. The laser generator, laser receiver and the digital 
camera simultaneously measure at least two different planes of a dimension of the 

25 section of the part being coated while the section is coated by the sprayer. In one 
embodiment, prior to coating the part, the laser generator and the laser receiver 
measures one plane of a dimension of the section of the uncoated or raw part. 
Additionally, the takes a digital motion picture, digital picture or DVT picture of the 
entire part, which enables the processor to calculate at least one other or 

30 additional dimension of the section of the part. Therefore, the part measurer 
measures at least two planes of the dimension of the section of the part to 
determine if the uncoated or raw part is within a range of acceptable dimensions. 
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When at least one of the dimensions calculated from the measurements of the 
uncoated part is not within or outside the range of acceptable dimensions for the 
section, the part is not coated and subsequently discarded. It should be 
appreciated that the acceptable dimension or range of dimensions for a section of 
a part being coated may be inputted by a user by entering the desired dimension 
or dimensions of the section of the part being coated using a suitable input device 
such as a keyboard. The processor processes the dimension data for the section 
and stores this information in a suitable memory device. The user also enters in 
the acceptable dimension tolerances or variances for the coated section of the 
part. 

As the section of the part is being coated, the laser generator, laser receiver 
and the digital camera measure at least two planes of a dimension of the section 
of the part being coated. The measurements are transferred to the processor, 
which calculates the dimensions of the section of the part while its being coated. 
The calculated dimensions are compared to the desired dimension or dimensions 
for the section of the part being coated to determine whether the coated part is 
near or within acceptable dimension specifications and variances for the section. 

The digital camera supplements the measurement taken by the laser 
generator and laser receiver by measuring at least one additional or other plane of 
the dimension of the part being coated. Because the digital camera takes at least 
one picture of the entire section of the part, the digital camera provides 
measurements for at least one additional plane or plurality of planes of the section 
of the part. Thus, the digital camera measures the entire section of the part (i.e., 
from the top of the section to the bottom of the section) and thereby measures the 
portions of the section that are not measured or difficult to measure with the laser 
generator and laser receiver. The digital camera therefore measures and detects 
defects or irregularities formed on the surface of the part (i.e., bumps, coating build 
up, tapers or drips) during the coating process, which may not be measured and 
detected by the laser generator and laser receiver. The coating operation can then 
be adjusted or stopped as necessary to correct or prevent the defective areas of 
the section of the part or the defective part or parts. Thus, the part measurer of 
this embodiment, significantly improves the coating accuracy and efficiency of the 
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coating apparatus by measuring each plane of the surface of section of the part 
being coated and also by preventing defects from forming on the section during 
the coating process. 

Additionally, the part measurer including at least one digital camera enables 

5 the coating apparatus of the present invention to measure and coat parts including 
irregular shaped surfaces such angled surfaces, beveled surfaces, round surfaces, 
tapered surfaces, convex surfaces, concave surfaces or other irregular surfaces. 
The digital camera takes a plurality of sequential digital pictures of the entire 
section of the part being coated and the processor calculates a dimension 

10 associated with each plane of the section of the part based on the pictures. By 
measuring the entire section of the part, the coating apparatus can accurately 
measure and coat angled or irregular surfaces on a section of a part that are not in 
the plane of the laser generated by the laser generator. Therefore, the digital 
camera expands the planes of the section of the part that can be measured by the 

15 part measurer, and thereby prevents the sprayer from applying excess coating to 
surfaces or an incorrect amount of coating on the section of the part such as 
angled surfaces, which are not measured by the laser generator and laser 
receiver. 

In another alternative embodiment, the part measurer further includes a 
20 plurality of digital cameras. In one aspect of this embodiment, the digital cameras 
take digital pictures of the same dimension of a section being coated. In another 
aspect, at least two digital cameras take digital pictures of different dimensions of 
a section being coated. In a further aspect, at least two digital cameras take 
digital pictures of dimensions of different sections on the part being coated. 
25 In a further alternative embodiment, the part measurer includes at least one 

digital camera, but does not include a laser generator and a laser receiver. In this 
embodiment, the digital camera is positioned adjacent to the part support and is 
directed at the position of the part being coated. The digital cameras measure 
different planes of a dimension of a section of a part. The digital camera may also 
30 be used to measure the dimension of different sections of the part. 

In a further alternative embodiment of the present invention, the part 
measurer measures and coats parts that are not round. In this embodiment, the 
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sprayer and the part measurer simultaneously measure and coat a section of the 
part by measuring two axes or a first and second dimension of the section of the 
part. For example, in the embodiment described above, the part measurer 
includes a laser generator, a laser receiver and a digital camera. The laser 
5 generator, the laser receiver and the digital camera measure the dimensions of a 
section of the part being coated. While the part is rotated and coated, the part 
measurer measures a first dimension of the section of the part such as the length. 
The part measurer then measures a second dimension of the section such as the 
width. The two dimensions (i.e., the length and width) are calculated during the 
10 coating process and enable the sprayer to accurately coat the section of the non- 
round part. 

In another embodiment, the part measurer is employed in a powder coating 
process or powder spray process. In the powder spray process, the powder 
coating includes very fine particles which are applied to the section of the part 

15 being coated. In one embodiment, a charge such as a positive charge is 
generated in the entire part or the section of the part being coated using electricity 
from a conventional electrical outlet or other suitable electrical source. The part or 
the section of the part includes an opposite charge to that of the powder coating. 
The oppositely charged part or part surface attracts the fine particles of the 

20 powder coating to the part. The resultant coated part includes an even and 
uniform coating, which strongly adheres to the surface of the part. In one 
embodiment, the powder coated part is cured using a suitable curing device or 
curing process, which shrinks the powder coating onto the part being coated or the 
section of the part being coated. In one embodiment, a single powder coating 

25 layer is applied to the part or the section of the part being coated using the powder 
coating system or process described above. In another embodiment, two powder 
coating layers are applied to the part or the section of the part being coated. 

In a further embodiment, a liquid coating layer such as a primer coating is 
applied to the part initially and then the powder coating is applied to the primer 

30 coating on the part. The powder coating adheres to the liquid coating or primer 
coating to produce the final coated part. In another embodiment, one or more 
topcoats or final coating layers are applied to the powder coating on the section of 
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the part being coated. It should be appreciated that the part measurer of the 
present invention may be employed in a coating system that applies powder 
coatings, liquid coatings or any suitable combination of powder coatings and liquid 
coatings to a part or section of a part. 
5 In another embodiment, the part measurer is employed in an electrostatic 

powder spray system which utilizes one or more electrostatic spray guns to apply 
a powder coating to a part or a section of the part being coated. In this 
embodiment, a bonding material, bonding coating or primer and then a conductive 
material or conductive coating is applied to the section of the part being coated. 

10 The powder or powder coating includes a charge such as a positive charge and 
the conductive material includes an opposite charge such as a negative charge. 
The conductive coating attracts the oppositely charged powder coating to the 
conductive material or coating on the part or the section of the part. In one 
embodiment, the coated part is cured using a suitable curing device or curing 

15 process. 

In a further embodiment, a coating system includes a plurality of coating 
stations, wherein each station includes at least one part measurer and at least one 
sprayer or coating applicator. In one embodiment, a suitable processor such as a 
computer having a monitor is used to communicate with the part measurers and 

20 sprayers at each station. In another embodiment, a computer and monitor are 
located at each station and communicate and control the operation of the part 
measurer or part measurers and the sprayer or sprayers at each station. The 
stations are preferably connected by conveyors or other suitable part 
transportation devices. In this embodiment, a part or a section of a part is coated 

25 at one or more of the stations while being measured at one or more of the 
stations. The conveyors transport the part to be coated to and from each of the 
stations. It should be appreciated that each station may include a sprayer or 
sprayers that apply a liquid coating, a powder coating, a plurality of liquid coatings, 
a plurality of powder coatings or any suitable combination of liquid and powder 

30 coatings to the part or section of the part being coated. In one embodiment, one 
or more of the stations include a curing oven, infrared oven or other suitable curing 
device or process, which cures one or more of the coatings applied to the part. 
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It is therefore an advantage of the present invention to provide an 
apparatus and method for coating a part that measures at least two dimensions of 
the section of the part being coated. 

It is another advantage of the present invention to provide an apparatus 
5 and method that detects defects and/or irregularities generated during the coating 
and measuring of a part. 

It is another advantage of the present invention to provide an apparatus 
and method that significantly enhances coating accuracy. 

It is a further advantage of the present invention to provide an apparatus 
1 0 and method that provides consistent coating of parts. 

It is another advantage of the present invention to provide a system and 
method that increases the coating efficiency related to coating parts. 

Additional features and advantages of the present invention are described 
in and will be apparent from, the following Detailed Description of the Invention 
15 and the figures. 

BRIEF DESCRIPTION OF THE FIGURES 
Fig. 1A is a perspective view of one embodiment of the present invention. 
Fig. 1 B is a top plan view of the embodiment of Fig. 1 A. 
Fig. 2A is a perspective view of another embodiment of the present 
20 invention. 

Fig. 2B is a top plan view of the embodiment of Fig. 2A. 
Fig. 3A is a flowchart illustrating one embodiment of the coating method of 
the present invention. 

Fig. 3B is a flowchart illustrating another embodiment of the coating method 
25 of the present invention. 

Fig. 3C is a flowchart illustrating a further embodiment of the coating 
method of the present invention. 

Fig. 4 is a perspective view of the embodiment of Fig. 1 where the outside 
diameter of a part is measured as the part is coated by the sprayer. 
30 Fig. 5 is a top plan view of the embodiment of Fig. 4. 

Fig. 6 is an exploded perspective view of the motor housing and part 
support having a part mounted on the part support. 
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Fig. 7 is a perspective view of the laser generator and air mover of Fig. 1 
where the air mover is directing air across the front surface of the laser generator. 

Fig. 8 is a perspective view of the sprayer, motor housing, part support, part 
and exhaust duct of Fig. 1 where the part is being coated by the sprayer. 
5 Fig. 9 is a cross-sectional view taken substantially along line IX-IX of Fig. 1 

illustrating the laser generator and the laser receiver. 

Fig. 10 is a perspective view of the laser generator of Fig. 1 showing a 
removable glass panel slideably connected to the front of the housing of the laser 
generator. 

10 Fig. 11 is an enlarged perspective view of one of the air movers of the 

present invention. 

Fig. 12 is an enlarged perspective view of one of the sprayers of the 
present invention. 

Fig. 13 is a schematic diagram showing the dimension tolerance limits of a 
15 particular part. 

Fig. 14 is an enlarged elevation view of one embodiment of a display 
screen on a display device in the present invention. 

Fig. 15 is a graphical representation of the dimension measurement of the 
surface of the part being coated versus the coating application time. 
20 Fig. 16A is a perspective view of a further embodiment of the present 

invention where the apparatus includes multiple sprayers. 

Fig. 16B is a top view of the embodiment of Fig. 16A. 

Fig. 17A is a perspective view of an alternative embodiment of the present 
invention. 

25 Fig. 17B is a top view of the embodiment of Fig. 17A. 

Fig. 18 is an enlarged perspective view of the part measurer of the 
embodiment of Figs. 17A and 17B illustrating the part measurer measuring a 
dimension of a section of a part. 

Fig. 19 is an enlarged elevation view of the embodiment of Figs. 17A and 
30 1 7B illustrating the measurement of a part including a defect. 

Fig. 20 is an enlarged elevation view of the embodiment of Figs. 17A and 
17B illustrating the measurement of an angled part. 
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Figs. 21 A and 21 B are plan views illustrating another embodiment of the 
present invention where the apparatus measures and coats a rectangular part. 

Fig. 22 is a flowchart illustrating another embodiment of the coating method 
of the present invention including an additional curing step and an additional 
5 cooling step. 

Fig. 23 is a perspective view of the laser generator of Fig. 1 showing a 
transparent film device connected to the front of the housing of the laser 
generator. 

DETAILED DESCRIPTION OF THE INVENTION 

1 0 Referring now to Figs. 1 , 2 and 9, one embodiment of the coating apparatus 

100 of the present invention is illustrated. The apparatus 100 includes a frame, 
housing, or support 101, a part support 103 connected to the frame for holding a 
part 102, a sprayer 120 connected to the frame for applying a coating to the part, 
and a part measurer 117 for measuring a dimension of the part. The frame 101 

15 preferably includes a suitable surface that can support the apparatus of the 
present invention. In one embodiment, the frame 101 is stationary and secured to 
a bench or tabletop (not shown). In another embodiment, the frame 101 is 
transportable so that the frame can be used at remote locations. 

The part support 103 includes a housing 104, which is connected to the 

20 frame 101 using suitable fasteners or in other conventional manners (not shown). 
The housing 104 encloses a suitable motor (not shown), which in one embodiment 
provides power to the spindle 106 to rotate or otherwise move the spindle. The 
spindle 106 is formed to hold or support the part 102. In one embodiment, the 
spindle includes a mounting surface shown in Fig. 9. The part 102 is placed onto 

25 and secured to the surface so that the part does not move or disengage the 
spindle 106. In operation, the spindle 106 may move in any suitable direction as 
needed for coating the part. In one embodiment, spindle 106 rotates in a 
counterclockwise direction, which in turn rotates the part 102 in a counterclockwise 
direction. It should be appreciated that the spindle 106 may rotate in a clockwise 

30 direction, counter-clockwise direction or any sequence or combination of 
directions. The spindle 106 may also move up and down or in other directions for 
coating different sections of the part having different dimensions. In one 
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embodiment, the part support moves or rotates the part and only one portion or 
dimension of the part 102 is coated by the sprayer. In another embodiment, the 
part support moves upwards, downwards or in any desired direction to coat more 
than one portion of a part. In this embodiment, a shield or panel (not shown) is 
5 secured to the housing 104 and positioned adjacent to the part on the part support 
to prevent the shielded portions of the part from being coated. 

In another embodiment of the present invention illustrated in Figs. 2A and 
2B, the part 102 is supported by the spindle 106 which is attached to and 
transported on a conveyor 1 07. The part is manually or mechanically placed onto 

10 the spindle 106 on the conveyor. The conveyor then transports the part between 
the laser generator and the laser receiver to a position in front of the sprayer. The 
part is coated by the sprayer 120 while the laser generator and laser receiver 
measure the dimension being coated on the part. The conveyor 107 then 
transports the coated part to other manufacturing areas such as to an oven, 

15 furnace or kiln which cures the coating on the part. As a result, all of the 
components of the apparatus and method of the present invention are fully 
automated and adapted to sequentially coat a plurality of parts. 

In one presently preferred embodiment, a coater such as sprayer 120 is 
positioned adjacent to the spindle 106. The sprayer may be any suitable sprayer 

20 and may emit any suitable type of spray such as liquid spray, powder spray, 
airless spray, air-assisted spray or any combination therein. The sprayer 120 
applies a coating to the part or a portion of the part as the part is moved by the 
spindle on the part support. It should be appreciated that any suitable sprayer 120, 
which preferably provides an atomized spray coating, may be used in the present 

25 system, such as a pneumatic automatic spray gun manufactured by Paasche 
Airbrush Company. In the embodiment shown in Figs. 1 and 12, the sprayer 120 
includes a housing 155, which is secured to the frame 101 by support post 158. In 
one alternative embodiment, the support post is adjustable so that the sprayer is 
able to coat different portions of a part. 

30 A nozzle 156 extends from the housing 155 to direct the coating emitted 

from the sprayer 120 towards the part or portion of the part that is being coated. 
The nozzle 156 is preferably removable from the sprayer housing 155 so that the 
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nozzle can be cleaned or replaced as needed. The nozzle 156 is secured to the 
housing 155 using suitable fasteners such as conventional co-acting threaded 
members. It should be appreciated that several different types of nozzles may be 
used in the sprayer 120 for different types of coating applications. 
5 In another embodiment, two sprayers 120 are employed in the apparatus of 

the present invention. The sprayer's are connected to the frame and positioned 
adjacent to the part. In this embodiment, each sprayer may have a different 
output rate. The output rates may differ based on the amount of coating being 
applied to the part. The first sprayer coats the part using a high pressure to apply 

1 0 an initial or base amount of coating to the part. The second sprayer coats the part 
using a lower pressure to apply the final amount of coating. The pressure used to 
apply the final amount of coating is less than the pressure used to apply the initial 
amount of coating because the final amount of coating is a smaller amount. The 
lower pressure enables the operator and/or the processor (i.e., computer) to 

15 control the sprayer and therefore, the second sprayer applies the coating with 
greater accuracy. 

In a further embodiment, two or more sprayers 120 are used to apply 
multiple coatings to a section of a part. In one aspect of this embodiment, each 
sprayer applies the same coating to a section of the part. In another aspect, each 

20 sprayer applies a different coating to the section of the part. It should be 
appreciated that the sprayers may apply the same coating, different coatings or 
any combination of coatings to the section or sections of the part. As shown in 
Figs. 16A and 16B, three sprayers 120a, 120b and 120c are positioned adjacent 
to the part 102 to apply separate, different coatings to the part. In this example, 

25 sprayer 120a applies a primer or base coating to the section of the part. Next, 
sprayer 120b applies a mid-coat or middle coating to the primer layer. Finally, 
sprayer 120c applies a top coat or final coating to the mid-coat layer. Each 
sprayer may be independently controlled to apply the coatings at the same or 
different rates. Additionally, the sprayers may be positioned in any suitable 

30 position in relation to the part. The part measurer measures the thicknesses of 
each of the coating layers as the layers are applied to the part and communicates 
the coating thickness measurements to the processor, which controls the 
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sprayers. Thus, the overall dimension of the section of the part being coated 
and/or the thicknesses of the coating layers may be controlled by an operator or 
processor. It should be appreciated that any suitable number of sprayers and 
coatings may be employed by the present apparatus. It should also be 

5 appreciated that the measurement of the coating may be based on the 
measurement of the part prior to coating, during coating and after coating. 

In a further embodiment, a single sprayer 120 having two different output 
rates is used to coat the part. The output rates are adjusted or changed by 
adjusting a dial or other suitable control on the sprayer. The control may be 

10 adjusted manually or by a processor. It should be appreciated that one or more 
sprayers may be employed in the present apparatus and several different output 
rates may be used as desired. 

A suitable coating is transported to the sprayer 120 using coating 
communication line 121a, which is connected to the front portion of the housing 

15 155. The coating communication line 121a transports or communicates coatings 
from a coating storage tank or container (not shown), which stores the coating. 
The coating moves through the coating communication line 121a into the housing 
155. The coating then fills the interior of the housing 155 to enable the sprayer to 
emit a continuous flow of coating onto a part. Similarly, an air communication line 

20 121b transports or communicates pressurized air generated by an air generator 
such as an air compressor to the housing 155. The pressurized air and coating 
are simultaneously delivered to the housing 155 and mix inside the housing. The 
air and coating mixture are emitted from the nozzle 156 as an atomized spray 
partially due to the pressure created by the compressed air. It should be 

25 appreciated that the coating communication line 121a and the air communication 
line 121b may be manufactured with any suitable tubing that can withstand the 
pressures of the coating and air inside the tubing during operation of the coating 
apparatus. 

Referring now to Figs. 1, 2, 9 and 10, in one preferred embodiment of the 
30 present apparatus, the part measurer 117 includes a laser generator 110 and a 
laser receiver 108. As shown in Figs. 1 and 2, the laser generator 110 is 
positioned on one side of the part support 103 and the laser receiver 108 is 
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positioned on the opposing side of the part support 103. The laser generator 110 
and the laser receiver 108 are aligned and secured to the frame 101. In one 
preferred embodiment, the laser generator 1 1 0 is mounted in a housing 113 that is 
connected by support arms 111a and 111b to the frame 101. Each support arm 
5 111a and 111b is connected on opposite sides of the housing. The top of the 
support arms 111a and 111b are secured to the bottom of the housing 113, and 
the bottom of the support arms 111a and 111b are secured to the frame 101. The 
support arms are made of a suitable material that will support and maintain the 
stability of the laser generator 110. The support arms 111a and 111b secure the 

10 laser generator 110 in position on the frame 101 so that the laser generator 
remains stationary during operation. 

As illustrated in Fig. 9, in one preferred embodiment, the laser generator 
110 includes a laser scan micrometer, such as the LS-5001 laser scan micrometer 
manufactured by Keyence Corporation, and is mounted inside the housing 1 13. A 

15 support base 162 is connected between the laser scan micrometer and the bottom 
interior surface of the housing 113 to secure the laser scan micrometer inside the 
housing. It should be appreciated that the laser scan micrometer may be a free 
standing device that is positioned and secured inside the housing 113 without a 
support base 162. The laser scan micrometer is positioned inside the housing 113 

20 so that a laser beam generated by the laser scan micrometer is projected at the 
proper height and position to contact the part. Opening 163b is formed in the 
housing 1 1 3 so that the laser beam generated by the laser scan micrometer is 
emitted from the housing 113 towards the laser receiver 108 without being 
obstructed by the housing. 

25 The laser receiver 108 is connected to the frame 101 and manufactured 

similar to the laser generator 110. The laser receiver 108 is mounted in a housing 
115 which is connected to a pair of support arms 109a and 109b. The support 
arms 109a and 109b are connected to opposite sides of the bottom of the housing 
115. The bottom portions of the support arms 109a and 109b are secured to the 

30 frame 101 in a suitable manner. The laser receiver 108 is positioned inside the 
housing 115 and is supported by the support base 166. The support base is 
connected between the laser receiver and the housing 115. The laser receiver 
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108 is positioned so that it is vertically and horizontally aligned with the laser 
generator 110 or laser scan micrometer. Opening 163a is formed in the front 
surfaces of the housing 115 to enable the laser beam generated by the laser scan 
micrometer to be received by the laser receiver 108. 

5 In one embodiment, channels 146a and 146b are formed in the top and 

bottom portions of housings 113 and 115 near the front surfaces of the housings. 
The channels are formed to enable transparent sections or members such as 
glass plates 112a and 112b to be inserted by sliding the plates into the channels 
146a and 146b in the front of housings 113 and 115, respectively. In another 

10 embodiment, the glass plates are removably connected to the housings using 
suitable adjustable and/or removable connectors or fasteners. It should be 
appreciated that the glass plates may be slideably connected, rotatably 
connected, removably connected or connected to the housings using any other 
suitable connectors or connecting methods. The glass plates 112a and 112b 

15 cover the front surfaces of the housings and protect the laser generator 1 10 and 
laser receiver 108 from being coated by excess spray from sprayer 120 that does 
not adhere to the part or from being damaged during operation. The glass plates 
112a and 112b are removable and can be cleaned as necessary. The plates are 
also transparent to allow the laser beam to pass through the plates. It should be 

20 appreciated that other suitable transparent materials may be used as desired by 
the manufacturer. 

In operation, the laser generator 110 such as the laser scan micrometer 
generates a laser beam that comprises several parallel extending rays which are 
horizontally projected at the level of the part 102. The laser beam is preferably 

25 wider than the part that is being measured as shown in Figs. 4 and 5. As shown in 
Fig. 4, the laser beam 138 is projected onto part 102 to measure the outer surface 
or outer diameter of part 102 before, after and as the outer surface is being coated 
by sprayer 120. The portions of the laser beam 138 that are not blocked by part 
102 proceed towards the beam receiver 106 as illustrated in Figs. 4 and 5. The 

30 distance between the unblocked portions of the rays represent the outer 
dimension or diameter of the part 102. The beam receiver 164 detects and 
converts the received or unblocked portions of the laser beam to electrical signals. 
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The electrical signals are then communicated or transferred to the processor (not 
shown) which performs a calculation of the measured dimension of the part based 
on the signal. 

In one embodiment, a plurality of part measurers including at least one 
laser generator and at least one laser receiver are positioned adjacent to the part 
on the part support. In this embodiment, each part measurer measures a different 
section of the part being coated by the sprayer. Therefore, if the apparatus 
includes two part measurers where each part measurer includes a laser generator 
and a laser receiver, the first laser generator and first laser receiver project a laser 
beam and measure a first section of the part being coated and the second laser 
generator and second laser receiver project a laser beam and measure a second 
section of the part being coated. It should be appreciated that the part measurers 
may measure the same section of the part or different sections of the part being 
coated by the sprayer. Alternatively, one of the part measurers (i.e., a laser 
generator and a corresponding laser receiver) may measure different coatings 
applied to the section of the part. In one example, a first laser generator and a 
first laser receiver projects a laser beam and measures a base coating applied to a 
section of a part and a second laser generator and a second laser receiver 
projects a laser beam and measures a top coating or top coat applied to the same 
section of the part being coated. It should be appreciated that any suitable 
number of laser generators and laser receivers may be used to measure one or 
more coatings applied to a section or sections of a part. 

Referring now to Figs. 1 and 2, in one presently preferred embodiment, an 
exhaust duct 128 is generally positioned on the opposing side of the part support 
103 from the sprayer 120. The coating emitted by the sprayer is directed onto the 
part and any excess is directed towards the exhaust duct. The exhaust duct 128 
is positioned adjacent to the part support 103 without obstructing the laser beam 
generated by the laser generator 110. An exhauster such as a pump (not shown) 
is connected to the exhaust duct 128 and creates a negative air pressure or 
suctioning effect at the inlet of the duct 128, which is adjacent to the part support 
103. The exhaust duct 128 captures and removes excess coating such as coating 
overspray from the sprayer that does not adhere to the part during the coating 
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process. The excess coating collected by the exhaust duct 128 is recycled or 
discarded. A filter (not shown) may be secured inside the exhaust duct 128 to 
capture the solid material of the coating. 

Referring now to Figs. 1, 2 and 11, in one preferred embodiment, air 

5 movers 122a and 122b are positioned adjacent to the laser generator 110 and 
laser receiver 108 to direct air across the working surfaces of each component and 
minimize the amount of excess spray or overspray that collects on the glass plates 
112a and 112b of the housings for the laser generator and laser receiver. If a 
significant amount of coating adheres to the glass plates of the laser generator 

1 0 and laser receiver, such coating will obstruct the laser beam generated or received 
and thereby, creates inaccurate measurements of the part. Because the air 
movers 122a and 122b are identical, only air mover 122b will be described in 
detail herein. It should be appreciated that the components and functions of air 
mover 122a correspond to those of air mover 122b, which is described below. 

15 Air mover 122b is positioned adjacent to a working surface of the laser 

generator 110 and is connected to the frame 101 by suitable fasteners. The air 
mover includes an air director or housing 151 and a valve 154. The air director 
housing 151 is secured to a bracket 148. A vertical support arm 124, which 
includes an integral support ring 152, is connected to the frame 101 on one end. 

20 The support ring 1 52 is adapted to receive a horizontal support arm 1 50. One end 
of the horizontal support arm 150 slides through the support ring 152 on vertical 
support arm 124. The slideable support arm 150 enables a user to adjust the 
position of the air mover 122b in relation to the laser generator. Once the position 
of the air mover is set, suitable fasteners are used to secure the support arm in 

25 place within the support ring 152. The other end of the support arm 150 is 
connected to the mounting bracket 148, which is connected to the housing 151. 
An air communication line 126 is connected to the valve 154 of the air mover 
122b. The air communication line 126 is made of suitable tubing to withstand the 
air pressure within the tubing. The air is transported from an air generator such as 

30 the air compressor described above, to the valve 154. The valve 154 may be a 
solenoid or other actuator that opens and closes to regulate and control the 
amount of air that is directed from air mover 122b. 
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In another embodiment, the sprayer 120 applies a coating or coatings to a 
section of a part using a pulsing spray to prevent the coating or coatings from 
obstructing the laser beam emitted by the laser generator, which further enhances 
the accuracy of the dimension measurements taken by the part measurer. In this 
embodiment, the processor such as a computer controls the sprayer and causes 
the sprayer to generate the pulsing spray by activating the sprayer (i.e., turning the 
sprayer "on") for a designated time interval and then de-activating the sprayer (i.e., 
turning the sprayer "off') for a designated time interval. The processor also 
controls the laser generator and causes the laser generator to emit the laser beam 
as described above (i.e., activates the laser generator) when the sprayer is 
deactivated or off and deactivates the laser generator when the sprayer is 
activated or on. Therefore, the processor alternately, sequentially activates and 
deactivates the sprayer and the laser generator so that when the sprayer is 
applying a coating to the section of the part, the laser generator is not emitting a 
laser beam and taking a measurement, and when the laser generator is emitting a 
laser beam and taking a measurement, the sprayer is not applying a coating to the 
section of the part. In one embodiment, the alternate sequencing of the sprayer 
and the laser generator occurs in a short time interval or at least a substantially 
short time interval. In one example, the sprayer applies an amount of coating to 
the section of the part for two-tenths of a second and then deactivates. Next, the 
laser generator generates a laser beam and takes a measurement of the section 
being coated for two-tenths of a second and then deactivates. This sequence 
continues until the coating applied to the section of the part achieves a designated 
or desired coating thickness on the section of the part. 

In an alternative embodiment, the sprayer applies a coating to a section of 
a part by using the pulsing spray method described above while the laser 
generator remains activated or on (i.e., the laser generator continuously emits a 
laser towards the part). In this embodiment, the laser generator remains activated 
but does not take measurements of the section of the part being coated while the 
sprayer is applying a coating to the section of the part. The sprayer and laser 
generator therefore alternately, sequentially apply the coating and take 
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measurements of the section of the part. For example, the sprayer applies an 
amount of coating to the section of the part and then deactivates. Next, the laser 
generator, which is continuously generating a laser beam, takes a measurement of 
the section being coated. This sequence continues until the coating applied to the 
5 section of the part achieves a designated or desired coating thickness on the 
section of the part. 

In one presently preferred embodiment, a monitor or display device 130 is 
positioned on the frame 101 so that a user can view the dimension measurements 
of a part before, after and during the coating operation. The monitor 130 is 

10 connected to the processor (not shown) using suitable wires or cables and 
displays the dimensional measurements of the part calculated by the processor. 
The monitor enables a user to instantaneously and continuously view the 
measurements of one or more dimensions of part 102 as the part is being coated 
and measured by the present apparatus. It should be appreciated that any 

15 suitable monitor such as a computer monitor may be used to display the 
dimension measurement data to a user. The monitor displays the dimension 
measurements to the user on screen 132. 

Referring now to Fig. 14, one example of the information that can be 
entered and displayed on the monitor 130 is illustrated. In this example, the 

20 screen 132 on monitor 130 displays the dimensional measurement 170 of a 
particular dimension of the part 102. The screen can also display the dimensional 
tolerance levels for a particular dimension of the part such as the upper tolerance 
level 172 and the lower tolerance level 174. Additionally, other user selectable 
options can be displayed on the screen 130. As illustrated in Fig. 14, the user can 

25 change what type of information is displayed by using control selections 176. It 
should be appreciated that any suitable type of selection, dimension measurement 
or other criteria related to the coating and measurement of a part can be displayed 
on the screen 132 of monitor 130. 

The apparatus of the present invention is used to coat a part 1 02 to achieve 

30 a final part or final product that meets predetermined dimensional design 
specifications established by the manufacturer. The final product, such as 
cylindrical part 102 shown in Fig. 13, has an upper dimension tolerance level 164, 



27 



WO 2004/004926 



PCT/US2003/019583 



which is the largest acceptable dimension for the particular part after the part has 
been coated by the apparatus, and a lower dimension tolerance level 162, which 
is the minimum acceptable dimension for the particular finished part after the part 
has been coated by the apparatus. The dimension tolerance levels are generally 

5 the upper and lower acceptable dimension sizes of the part. The design 
specifications or tolerance levels may also be based on the thickness of one or 
more of the coatings applied to the part. In one embodiment, a target dimension 
or size 160 is established for each part. The target dimension 160 is the desired 
dimension of the finished parts, after coating, including any dimension adjustment 

10 due to heating and drying the coating on the part. In some parts, the difference 
between the upper and lower tolerance levels is very small (i.e., one thousandths 
of a centimeter) whereas in other parts there is a greater difference between the 
upper and lower tolerance levels. The dimension tolerance levels and the part 
sizes depend on the particular use of the part. 

15 The goal therefore, is to coat the part so that the final coated part is within 

the acceptable dimension tolerance levels (i.e., between the upper and lower 
tolerance levels) and/or coating thickness specifications established for the part 
and in particular to achieve the optimal dimension size 160 and/or specified 
coating thicknesses for the part. As an example, the desired dimension of the part 

20 102 may be a dimension "X" as shown in Fig. 13. An upper tolerance level 164 is 
determined as (X + Y), where Y is a predetermined amount of acceptable 
dimension variance from the optimal dimension X for the part. The acceptable 
amount of variance is determined by the manufacturer based on the use of the 
part. Similarly, a lower tolerance level 162 is determined which, in this case, is the 

25 dimension (X - Z) where Z is the acceptable amount of dimension variance for the 
part. The manufacturer or operator therefore coats the part 102 so that the 
dimension of the finished part is between the lower tolerance level (X - Z) and the 
upper tolerance level (X + Y). Again, optimally, the dimension of the finished part 
is approximately equal to the desired size 160 for the part, which is the 

30 dimension X. 

Referring now to Figs. 3A, 4, 5 and 9, one embodiment of the method of the 
present invention is illustrated where a part 102 is coated by the sprayer 120 
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based on a desired final dimension for the part. In this embodiment, the part is 
coated with an initial amount of coating and a final amount of coating. In the 
preferred embodiment, the initial amount of coating is greater than the final 
amount of coating. As described above, applying large amounts of coating to a 
5 part produces a greater margin of error. On the contrary, applying smaller 
amounts of coating to a part reduces the margin of error significantly. For 
example, applying a large amount of coating to a part, such as 95% to 1 00% of 
the total amount of coating, may include a margin of error such as plus or minus 
2% to 3%. Applying a small amount of coating to the part may include the same 
10 margin or error, but because the amount is smaller the relative margin of error is 
smaller, such as plus or minus 0.02% to 0.03%. Given the above margin of error 
and that prior known coating processes usually apply all of the coating (i.e., 100% 
of the coating) to the part at one time, the final amount of coating actually applied 
to the part, including the margin of error, ends up being between 97% to 103% of 
15 the calculated amount of coating to be applied to the part. This range of error is 
especially problematic when the upper dimensional tolerance is exceeded. The 
result in several parts being discarded as waste because the parts do not fit within 
the tolerance levels. 

In the present method, however, a smaller amount of coating is applied in a 
20 second or final step. By applying a smaller amount of coating in the second step 
based on the measurement of the coating applied in the first step, the present 
method reduces the relative margin of error in coating the part. Additionally, in the 
present method the total calculated amount of coating is based on the desired or 
target dimension for the coated part. In order to ensure that too much coating is 
25 not applied to the part, the sprayer shuts off when the amount of coating applied to 
the part is within a predetermined percentage of the total calculated amount of 
coating such as .01 % to 2%. For example, if 95% of the total amount of coating is 
applied to the part in the initial step, then the actual amount of coating applied to 
the part will be between 92% and 98%, taking into account a margin of error of 
30 plus or minus 3%. Therefore, in the second step or final step, only 2% to 8% of 
the total amount of coating needs to be applied to the part to achieve the desired 
dimension for the part. Again, using a margin of error of plus or minus 3% for the 
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final amount of coating and that the sprayer shuts off when approximately 99.98% 
to 99.99% of the total amount of coating is applied to the part, the total amount of 
coating applied to the part will be approximately between 99.94% (i.e., 3% of 2%) 
to 99.99% Thus, the present method reduces the relative margin of error with 
respect to the calculated amount of coating that is applied to the part and the final 
part size, and thereby significantly improves the accuracy associated with the 
coating method and increases production. 

Referring now to Fig. 3A, the one method of the present invention includes 
the following steps. The part 102 is placed on the spindle 106 on the part support 
103 as indicated by block 200. Next, a laser beam 138 is generated by the laser 
generator 1 10 and projected onto the part 102 to measure the part as indicated by 
block 202. Specific rays or portions of the laser beam are blocked by the part 
while the unblocked rays or portions of the laser beam are received by the laser 
receiver 108. The received laser beam, rays or portions are converted into 
electrical signals and communicated to the processor. The electrical signals 
indicate the distance between the unblocked portions of the laser beam or the size 
of the dimension of the part to be coated. The processor receives the signals and 
calculates an initial amount of coating to apply to the part based on the initial 
dimension or size of the part received from the laser receiver and the desired size 
of the part as indicated by block 204. The calculation preferably includes an 
adjustment factor, which accounts for the change in size of the coated part that 
occurs when the part dries or cures. In one embodiment, the initial amount of 
coating is greater than the final amount of coating for the reasons described 
above. In another embodiment, the initial amount of coating is a significant 
percentage of the total amount of coating such as approximately 95% of the total 
amount of coating. It should be appreciated that the initial amount of coating may 
be any suitable amount or suitable percentage of the total amount of coating which 
reduces the margin of error associated with the coating method. It should also be 
appreciated that multiple measurements of the part or dimension of the part may 
be made. For instance, the part may be rotated to take more than one dimension 
measurement. 
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Once the initial amount of coating is calculated by the processor, the 
operator presses an input such as a button on a control panel (not shown), which 
starts the coating process. Alternatively, in a fully automated apparatus, the 
processor communicates with the sprayers and other automated components of 

5 the apparatus to begin the coating process. The motor (not shown) in housing 
104 is connected to the spindle 106 and rotates the spindle, which in turn rotates 
the part as indicated by block 204. As the part rotates, the sprayer 120 
simultaneously receives the coating through coating communication line 121a and 
pressurized air through air communication line 121b. The coating and air enter the 

10 nozzle portion of the sprayer 120 and the air forces the coating out of the nozzle 
as an atomized spray. The sprayer 120 applies the coating to the outer surface of 
the part 102 while the part is simultaneously measured by the part measurer 117 
as indicated by block 208. Air movers 122a and 122b direct air delivered via air 
communication lines 126a and 126b across the working surfaces of the housings 

15 holding the laser generator 110 and laser receiver 108. The air movers minimize 
the amount of overspray or excess coating from the sprayer that accumulates and 
coats the working surfaces of the housings holding the laser generator and laser 
receiver during the coating process. Thus, the air movers prevent or minimize the 
obstruction of the laser beam due to coating accumulation on the working surfaces 

20 of the housings holding the laser generator and the laser receiver. 

As shown in Figs. 4 and 5, as the coating is applied to the part 102 by 
sprayer 120, the outside diameter of the part increases and thereby blocks more 
of the laser beam 138 as the laser beam passes by the part 102. Thus, the 
portion of the beam received by the beam receiver 164 decreases in direct 

25 proportion to the amount of coating that is applied to the part and the distance 
between the unblocked portions of the laser beam increases. As a result, the 
processor continuously calculates a larger dimension measurement for the part 
being coated as the part is coated by the sprayer. 

The processor communicates the dimension measurements to the display 

30 device 130, which displays the measurements on screen 132. As a result, the 
user or operator can continuously monitor the dimension of the section of the part 
as the section is coated by sprayer 120. This enables the user to know when the 
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part is within the predetermined upper and lower tolerance levels for the part or 
when an out of control situation such as a equipment malfunction or the like is 
occurring during the coating process. In one embodiment, the processor delivers 
a prompt to the user or operator or a robot such as a robotic pick and place device 
5 when the size of the part is within the upper and lower tolerance levels. The 
prompt may be an audio prompt, visual prompt or any other suitable prompt. 
Once the initial amount of coating is applied to the part 102, the processor signals 
the part support to stop moving the part 102 and also signals the sprayer 120 to 
stop coating the part as indicated by block 210 in Fig. 3. 
10 The final amount of coating to finish coating the section of the part is 

calculated by the processor based on the difference between the final desired part 
size and the present size of the part including the initial amount of coating applied 
to the part as indicated by block 212. The sprayer 120 applies the final amount of 
coating to the part while simultaneously measuring the part as indicated by block 
15 214. When approximately 99.98 to 99.99% of the final amount of coating is 
applied to the part, the processor signals the part support to stop moving the part 
and the sprayer to stop applying coating to the part as indicated by block 216. 
The coated part is removed from the part support as indicated by block 218 and 
the coating on the part is cured using a suitable curing method such as heating the 
20 coated part in an oven as indicated by block 220. When the coating on the part 
has cured, the part is placed in storage for use or shipping at a later time as 
indicated by block 222. 

Referring to Fig. 15, a graph illustrates the coating method of the 
embodiment described above. The graph plots the dimension measurement of 
25 the coated surface of a part (which includes the thickness of the coating applied to 
the part), which is indicated on the vertical axis, versus the time needed to apply 
the coating to the part, which is indicated on the horizontal axis. An initial 
dimension measurement of the part, including the amount of coating applied to the 
part, is indicated by plateau 178 on the graph. Then, the final amount of coating is 
30 calculated by the processor and applied to the part to achieve the desired part size 
or dimension as indicated by plateau 180. The graph further illustrates the 
difference between the initial dimension measurement of the part, including the 
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initial amount of coating applied to the part, and the final dimension measurement 
of the part, including the final amount of coating applied to the part, which 
significantly improves the coating accuracy of the present method. 

Referring now to Figs. 3B, 4, 5 and 9, another embodiment of the method of 
5 the present invention is illustrated where a section or a portion of a part is coated. 
In this embodiment, the part 102 is placed on the part support 103 as indicated by 
block 300. The operator starts the apparatus by pressing a button, pedal or 
similar device as described above. The part is rotated on the part support as 
indicated by block 302. Then, the section of the part being coated is 
10 simultaneously sprayed by the sprayer and continuously measured by the part 
measurer 117 until an initial predetermined dimension, such as approximately 95% 
of desired dimension, is measured for that section. When the initial dimension is 
measured by the part measurer, the sprayer stops applying coating to the part as 
indicated by block 306. The processor then calculates a final amount of coating to 
15 apply to the section of the part as described above, to achieve the final part 
dimension or desired dimension of the section as indicated by block 307. The part 
is rotated again and the sprayer and part measurer simultaneously coat and 
measure the section of the part as indicated by block 308. When approximately 
99.98 to 99.99% of the final amount of coating has been applied to the section of 
20 the part, the part support stops rotating the part as indicated by block 310. The 
part is removed from the part support as indicated by block 312 and sent to 
another manufacturing area for curing as indicated by block 314. The part is then 
stored for use or shipping as indicated by block 316. 

In a further embodiment illustrated in Fig. 3C, the sprayer applies a coating 
25 to the section of the part being coated while the part measurer continuously 
measures the section of the part being coated until the final dimension or desired 
dimension of the section has been measured by the part measurer. In this 
embodiment, the part is placed on the part support and rotated as indicated by 
blocks 400 and 402. The sprayer applies a coating to the section of the part while 
30 the dimension of the section is continuously measured by the part measurer as 
indicated by block 404. The sprayer continues to apply the coating to the section 
of the part until the desired dimension of the section is measured by the part 
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measurer as indicated by block 406. The rotation of the part support is stopped 
and the part is removed from the part support as indicated by blocks 408 and 410. 
The coating on the part is then cured and the part is placed in storage for further 
processing as indicated by blocks 412 and 414. 
5 In one embodiment, the parts are manually placed on and removed from 

the part support 103 such as the spindle 106 or the conveyor 107. This requires 
an operator to receive the part from the processing area and then manually place 
the part on part support 103. Similarly, the operator manually removes the part 
from the part support after the part has been coated and then sends the part for 

10 further processing. In another embodiment, a robotic device, such as a robotic 
arm (not shown), receives the part from the processing area via an operator or 
mechanical device such as a conveyor belt, and mechanically places the part on 
the part support 103. The mechanical handling of the part increases the efficiency 
and speed of the process and minimizes the amount of human contact with the 

15 part. Thus, the parts can be produced efficiently and quickly with minimal physical 
handling of the part during processing. The robotic device removes the part after 
it is coated and transports it to another manufacturing area for further processing. 

In another embodiment of the invention, the parts are pre-measured or 
measured prior to coating the parts, to determine if the dimension or dimensions of 

20 the parts are within a range of acceptable dimensions or sizes. In one aspect, the 
parts are grouped in lots or batches and a representative sample of the parts is 
measured to determine if the entire lot or batch is within the acceptable size range. 
If a predetermined number of sample parts from the batch is not within the 
acceptable range, the entire batch is discarded or recycled. In another aspect, the 

25 section being coated on each part is measured to determine if the dimension of 
the section fits within the acceptable range of dimensions for the part. Any parts 
that fit within the acceptable range of dimensions are coated by the apparatus of 
the present invention. 

Referring now to Figs. 17A, 17B and 18, an alternative embodiment of the 

30 present invention is illustrated where the part measurer further includes at least 
one digital camera positioned adjacent to the part support. In this embodiment, the 
digital camera includes a digital motion picture camera, a digital television camera 
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or a DVT camera. In another embodiment, the term digital camera is meant to 
include an analog camera in conjunction with a digital converter, which converts 
the analog picture or pictures taken by an analog camera to digital pictures. It 
should be appreciated that the digital camera may be any suitable digital camera, 

5 digital motion picture camera or any other suitable image taking device. In one 
embodiment, the digital camera 250 includes a housing 252, a lens assembly 254 
and a digital camera or camera support 256. The digital camera 250 is positioned 
adjacent to the part support and is directed at the position of the part to take a 
plurality of sequential digital pictures or images of the part as the part is being 

10 coated. The sequential digital pictures are then transferred or transmitted via a 
suitable communication device or connector such as a cable, to a processor (not 
shown). In one embodiment, the digital camera is connected directly to the 
processor with a cable or other suitable communication device. In another 
embodiment, the digital camera and the processor include a wireless 

15 communication device which enables the digital camera to communicate with the 
processor without wires, cables or other types of physical connections. It should 
be appreciated that any suitable wireless communication device may be employed 
by the present invention. 

Specifically, the housing 252 is a protective housing which protects or 

20 covers the internal components of the digital camera such as the electronic 
components and video components of the digital camera. It should be 
appreciated that the housing may be made of any suitable material such as metal 
or plastic. The lens assembly 254 is attached to the housing 252 and is directed 
or pointed at the part to take the sequential digital pictures of the part 102. The 

25 lens assembly includes a suitable lens (not shown) which enables the digital 
camera to view the entire part. Different types of lenses such as wide angle 
lenses may be employed in the lens assembly depending on the position of the 
digital camera in relation to the part being coated. 

The lens assembly 254 takes the sequential digital pictures of the part and 

30 the digital pictures or images are transferred or transmitted from the digital camera 
250 via a suitable communication device described above to the processor (i.e., a 
computer or similar processor). A display device such as monitor 130 is used to 
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display the digital motion picture of the part (shown in phantom) based on the 
sequential digital pictures received by the processor as the part is being coated by 
the sprayer 120. Additionally, the display device displays the dimension 
measurements calculated by the processor. 
5 In one embodiment, the digital camera 250 and specifically the housing 252 

includes a camera support 256. The camera support 256 is movably attached to 
the frame 101 and thereby enables the digital camera to be moved to adjust the 
position of the digital camera with respect to the part being coated. The digital 
camera 250 may be moved laterally on the frame 101, rotate about the support 

10 256 or move in any suitable direction to adjust the position of the digital camera 
relative to the part being coated. Additionally it should be appreciated that the 
digital camera 250 is positioned such that it does not interfere with the part 
measurer and in particular, the laser projected from the laser generator 1 10 to the 
laser receiver 108 during the coating and measuring of the section of the part. It 

15 should also be appreciated that a recording medium (not shown) such as a 
magnetic tape, memory card, Random Access Memory (RAM) or other suitable 
recording medium may be employed by the digital camera to record the sequential 
digital pictures taken of the section of the part. 

Prior to coating a section of a part, the section of the uncoated part or raw 

20 part may include a defect or irregularity that causes the part to be unacceptable for 
coating or outside a predetermined range of acceptable dimensions for the 
uncoated part. Any unacceptable parts are deemed defective or unacceptable 
and thereby rejected and discarded prior to beginning the coating process. 
Additionally, defects or irregularities (i.e., coating drips or lumps) may form on the 

25 coated surface or wall of the section of the part during the coating of the section of 
the part. A part may also have angles, bevels, tapers or other surface formations 
that require additional measurements to be taken of the section of the part to 
accurately measure the dimension of these portions of the section of the part 
during the coating process to ensure that the proper amount of coating is applied 

30 to the entire surface of the section. 

In one embodiment described above, the part measurer includes a laser 
generator and laser receiver which measures a dimension of a section of a part 
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being coated at a specific plane or point of the section by projecting a laser plane 
towards the section being coated. The part measurer, however, will only detect a 
defect or irregularity on the surface of the section of the part when the defect or 
irregularity is located in the specific plane of the section being measured by the 
5 part measurer unless the part measurer and/or the part support and part are 
moved to enable the part measurer to measure all of the planes of the section of 
the part being coated. Moving or adjusting the laser generator and receiver and/or 
the part support is time consuming and generally not practical after the coating 
process has begun because the laser generator and receiver have to be adjusted 

10 and re-positioned to ensure that correct and accurate measurements are taken of 
the part. Therefore, if the defect or irregularity is located above or below or 
otherwise not in the plane of the laser generated by the part measurer, the defect 
or irregularity will go undetected by the part measurer. As a result the coated part 
will be defective or unacceptable and have to be discarded. This problem 

15 therefore may cause a significant number of parts to be discarded and thereby 
increase the cost associated with the discarded parts when a particular lot of parts 
or group of parts are defective prior to coating the parts or are coated with a defect 
or defects that are not detected by the part measurer. 

The part measurer of the present alternative embodiment as described 

20 above includes a digital camera, which takes sequential digital pictures of the part 
during the coating of the part. The digital camera is positioned adjacent to the part 
support and directed at the position of the part so that each digital picture taken by 
the digital camera captures the entire surface or wall of the section of the part 
being coated. Thus, the measurements taken by the digital camera supplement 

25 the measurement taken by the laser generator and laser receiver to enable the 
part measurer to measure the dimension at each plane of the section of the part. 
Measuring the section of the part at each plane enables the part measurer to 
detect any defects or unacceptable parts prior to or during the coating process. 
The defective parts can therefore be discarded prior to coating the parts, which 

30 saves coating and money, the coating process can be stopped and adjusted to 
correct defects formed during the coating of the part or the part can be discarded 
prior to finishing the coating of the part. This alternative embodiment thereby 
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enables the coating apparatus to accurately monitor the thickness of the coating 
being applied to each plane or point of the section of the part during the coating 
process. Additionally, this alternative embodiment detects defects or irregularities 
on the uncoated part or which form on the section of the part during the coating of 
5 the section of the part. This further improves the accuracy of the coating 
apparatus and reduces waste by reducing the number of defective parts that must 
be discarded during the coating process. 

In one operational embodiment, the digital camera of the part measurer 
takes sequential digital pictures or images of the part 102 prior to coating the 

1 0 section of the part to determine if the uncoated or raw part includes any defects or 
irregularities or if the part is otherwise outside of the acceptable dimensions and 
tolerance limits determined for the part. The digital pictures taken by the digital 
camera 250 are composed of a plurality of pixels or picture elements wherein each 
pixel forms a portion of each of the digital pictures or images of the part. Each 

1 5 pixel, a plurality of the pixels or all of the pixels are then transferred or transmitted 
to the processor, which receives and arranges the pixels of the digital pictures to 
create a digital motion picture, digital picture or DVT picture of the part as the part 
is being coated. The pixels of each digital picture are used by the processor to 
calculate the dimension or dimensions of one or more sections or surfaces of the 

20 uncoated part. The laser generator and laser receiver take a measurement of the 
raw part at a predetermined plane of the part. The digital camera takes sequential 
digital pictures (i.e., a measurement) of at least one additional plane of the part. 
The dimensions of the part are then calculated by the processor based on the 
measurement taken by the laser generator and receiver and the pictures taken by 

25 the digital camera. The uncoated or raw part is discarded or not used when at 
least one of the dimensions of the part are not within a predetermined range of 
acceptable dimensions for the uncoated part. It should be appreciated that the 
part measurer of the present embodiment, may measure two or more different 
dimensions of the part to determine if the part is within the range of acceptable 

30 dimensions for the part. 

During the coating of a section of the part, the part measurer of the present 
embodiment takes a digital motion picture of the entire part, and specifically, at 
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least one digital picture of the entire section of the part. It should be appreciated 
that the part measurer can be used to measure a dimension at one plane of the 
section of the part or a plurality of planes of the section of the part. Thus, the 
digital camera and laser generator and receiver of the part measurer work in 
5 conjunction to measure at least two planes of a section of a part to significantly 
improves the accuracy of the measurement of the dimension of the section. For 
example, the laser generator projects a plane of a laser towards a wall or surface 
of a section of a part being coated by the sprayer. The laser therefore measures 
the dimension of the section at a specific plane associated with the section. The 

10 unblocked portion of the laser is received by the laser receiver and a 
measurement is determined. The measurement is transferred to the processor 
which calculates a dimension for the specific plane of the section. The digital 
camera supplements the measurement by the laser generator and laser receiver 
by taking sequential pictures of the entire wall or surface of the section (i.e., from 

1 5 the top of the surface to the bottom of the surface). The pictures are transferred or 
transmitted to the processor which calculates a dimension for each plane or point 
of the entire surface of the section of the part. The part measurer including the 
laser generator, laser receiver and digital camera therefore enables a user to 
monitor the thickness of the coating being applied to the entire section of the part 

20 and the dimension of the entire section of the part while the part is being coated. 
In this manner, if any defects or irregularities form on the section of the part such 
as bumps, coating build up or drips, the defects or irregularities are detected by 
part measurer. The coating operation can then be adjusted or stopped as 
necessary to correct or eliminate the defective area of the section of the part or the 

25 defective part all together. 

Referring to Fig. 19, an example of a round part 260 being measured using 
the part measurer of the present invention is illustrated where the partially coated 
part 260 includes a defect or bump 264 which formed on the section of the part 
during the coating process. As shown in Fig. 19, the digital camera 250 is 

30 positioned adjacent to the part and is directed generally at the position of the part 
being coated to capture the entire image or picture of the part 102 as illustrated by 
the boundaries of the scope or viewing area 263 of the digital camera. As the part 
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260 is supported and rotated by spindle 106, the digital camera 250 takes a 
plurality of sequential digital pictures or images of the entire part 260. The digital 
pictures or images of the part are then transferred or transmitted to a processor. 
When a defect or irregularity such as the bump or buildup area 264 forms in the 
5 coating areas 262a and 262b applied to the part, the plane of the laser which is 
illustrated by arrow 266, measures a specific point or area of the section of the 
part being coated. In Fig. 19, the laser is not measuring the portion of the section 
of the part including the bump 264 (i.e., coating buildup or drip), which formed 
above the laser measurement point. The laser generator and laser receiver would 

10 have to be adjusted or moved during the coating process to measure the plane of 
the section including the bump. As described above, moving the part support 
and/or the laser generator and laser receiver is time consuming, difficult and 
therefore not practical. Therefore, the measurements by the digital camera of the 
part measurer supplements the measurement taken by the laser generator and 

15 receiver. The digital camera measures the dimensions of the entire surface of the 
section of the part being coated and thereby identifies any defects or irregularities 
that form during the coating process such as the bump 264, which may not be 
detected by the laser generator and the laser receiver as shown in Fig. 19. The 
digital camera therefore enhances the accuracy of the measurements taken by the 

20 part measurer. 

Referring to Fig. 20, another example of a different part being measured is 
illustrated where the section of the part 267 being measured includes an angled or 
beveled surface 273 rotated on the spindle 106 and where the thickness of the 
coating 268 applied to the beveled surface is to be substantially uniform. In this 

25 example, the sprayer (not shown) and the part measurer of the present invention 
simultaneously coat and measure the dimensions of the beveled surface or 
section 273 of the part until an acceptable dimension is reached for the coated 
part. The laser generator generates a laser beam plane which measures the 
thickness or dimension of the part at a specific plane, which is denoted by arrow 

30 269, and is received by the laser receiver. However, in this example, the laser 
generator and receiver measure the section of the part having the greatest or 
largest initial dimension. Therefore, when the part measurer including the laser 
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generator and receiver measures the part, the amount of coating applied to the 
corresponding section of the part is based on that measurement. As a result, 
excess coating is applied to the portions or areas of the part that do not have the 
same initial dimension as the dimension at arrow 269. For example, the desired 

5 coated surface 268a of the section of the part is shown in phantom. Surface 268a 
is uniformly coated and is within the acceptable dimension range for the coated 
part. The surface 268b of the actual coated section of the part, however, includes 
excess coating in areas 270a, 270b, 270c and 270d because the dimension 
associated with these areas of the part were above or below the laser plane at 

10. arrow 269 and therefore not measured by the part measurer. The excess coating 
in these areas causes the part to be outside the acceptable dimensions and 
variances for the part, and the part is discarded. 

The part measurer including the digital camera 250 of the present 
embodiment supplements the laser generator and laser receiver and enables the 

15 part measurer to measure the angled or tapered areas of the part 267. Referring 
to the above example, the digital camera 250 takes sequential digital pictures of 
the coated part, which is within the boundaries 271 of the scope or view of the 
digital camera, as the part is being coated and therefore determines the 
dimensions of each plane of the section of the part including the angled or tapered 

20 areas of the part. Thus, the digital camera measures the planes of the section 
including the angled or beveled surfaces and prevents the excessive coating from 
being applied to those areas such as areas 270a, 270b, 270c and 270d. 
Accordingly, the coating of the surface or section of the part can be adjusted 
during the coating process to prevent the part from being produced with excessive 

25 coating and discarded. It should be appreciated that the part measurer including 
at least one digital camera can be used to measure parts including angled, 
beveled, tapered, threaded, round, convex, concave or any other irregularly 
shaped surface associated with a part. 

In another alternative embodiment, the part measurer includes a plurality of 

30 digital cameras. In one aspect of this embodiment, the digital cameras take digital 
pictures of the same dimension of a section being coated. In another aspect, at 
least two digital cameras take digital pictures of different dimensions of a section 
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being coated. In a further aspect, at least two digital cameras take digital pictures 
of dimensions of different sections on the part being coated. The different digital 
cameras therefore enable a user to be able to take digital pictures of different 
sections of the part as the part is being coated. 

In a further alternative embodiment, the part measurer includes at least one 
digital camera, but does not include a laser generator and a laser receiver. In this 
embodiment, the digital camera are positioned adjacent to the part support and 
directed at the position of the part being coated. The digital cameras operate as 
described above to measure different planes of a dimension of a section of a part. 
The digital cameras may also be used to measure the dimension of different 
sections of the part. 

Referring to Figs. 21 A and 21 B, another embodiment of the present 
invention is illustrated where sections of parts that are not round are measured by 
the part measurer and coated by the sprayer. In this embodiment, the sprayer 120 
and the part measurer simultaneously measure and coat the non-round surface of 
the part by measuring two axes or a first and second dimension of the surface of 
the part. For example in Figs. 21 A and 21 B, the part measurer includes a laser 
generator, a laser receiver and a digital camera as described above. The laser 
generator 110 generates a planar laser beam and projects the beam towards the 
outer surface of the rectangular part 272 as the part is rotated on spindle 106. 
Also, the digital camera 250 is directed at the part and takes sequential digital 
pictures of the part during the coating process. While the part 272 is rotated and 
coated on spindle 106, the part measurer measures a first dimension of the outer 
surface of the part, which is dimension X (i.e., the length of the surface). The part 
measurer then measures a second dimension Y (i.e., the width of the surface) of 
the outer surface of the part 272. 

Specifically, the unblocked portion of the laser beam is received by the 
laser receiver 108 and the sequential digital pictures of the part are taken by the 
digital camera as shown in Figs. 21 A and 21 B. The measurement data generated 
by the laser generator, laser receiver and digital camera are then transferred to a 
suitable processor such as a computer (not shown). Both dimension 
measurements are continuously transmitted to the processor to determine the 
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thickness of the coating 274 on the surface of the part as the coating is being 
applied to the surface of the rectangular part 272 by the sprayer 120. Therefore, 
the thickness of a coating on the part is calculated and determined by measuring 
the different axes or dimensions of the surface of the part being coated while the 

5 surface is being coated. It should be appreciated that the rotation of the spindle 
106 and thereby the rotation of the part 272 can be adjusted based on the type of 
coating being applied to the surface of the part and based on the desired 
dimensional tolerances or variances for the coated part. Additionally, the coating 
application rate of the sprayer can be adjusted to account for different sized or 

1 0 shaped surfaces on different parts. 

Referring now to Figs. 17A, 17B and 22, another method of the present 
invention includes the following steps. The part 102 is placed on the spindle 106 
on the part support 103 as indicated by block 500. Next, a laser beam 138 is 
generated by the laser generator 110 and projected onto the part 102 while digital 

15 camera 250 takes at least one digital picture of the part 102, to measure a 
dimension of a section of the part being coated as indicated by block 502. 
Specifically, specific rays or portions of the laser beam are blocked by the part 
while the unblocked rays or portions of the laser beam are received by the laser 
receiver 108. The received laser beam, rays or portions are converted into 

20 electrical signals and communicated to the processor. The electrical signals 
indicate the distance between the unblocked portions of the laser beam or the size 
of the dimension of the part to be coated. Additionally, the digital picture or 
pictures of the section of the part being coated taken by the digital camera 250 are 
also transmitted to the processor. The processor receives the signals and pictures 

25 and calculates an initial amount of coating to apply to the part based on the initial 
dimension or size of the part received from the laser receiver, the digital camera 
and the desired size of the part as indicated by block 504. The calculation 
preferably includes an adjustment factor, which accounts for the change in size of 
the coated part that occurs when the part dries or cures. It should be appreciated 

30 that multiple measurements of the part or dimension of the part may be made. For 
instance, the part may be rotated to take more than one dimension measurement. 
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Once the initial amount of coating is calculated by the processor, the 
operator presses an input such as a button on a control panel (not shown), which 
starts the coating process. Alternatively, in a fully automated apparatus, the 
processor communicates with the sprayers and other automated components of 
5 the apparatus to begin the coating process. The motor (not shown) in housing 
104 is connected to the spindle 106 and rotates the spindle, which in turn rotates 
the part as indicated by block 506. As the part rotates, the sprayer 120 
simultaneously receives the coating through coating communication line 121a and 
pressurized air through air communication line 121b. The coating and air enter the 

10 nozzle portion of the sprayer 120 and the air forces the coating out of the nozzle 
as an atomized spray. The sprayer 120 applies the coating to the outer surface of 
the part 102 while the part is simultaneously measured by the part measurer as 
indicated by block 508 may be an audio prompt, visual prompt or any other 
suitable prompt. Once the initial amount of coating is applied to the part 102, the 

15 processor signals the part support to stop moving the part 102 and also signals 
the sprayer 120 to stop coating the part as indicated by block 510. The coated 
part is then pre-cured using a suitable curing device such as a curing oven and 
cooled as indicated by blocks 511 and 512, respectively. The pre-curing step 
removes a substantial portion of the volatiles residing on the coated section of the 

20 part. 

The final amount of coating necessary to finish coating the section of the 
part is calculated by the processor based on the difference between the final 
desired part size and the present size of the part including the initial amount of 
coating applied to the part as indicated by block 513. The sprayer 120 applies the 

25 final amount of coating to the part while part is simultaneously measured using the 
laser generator, laser receiver and digital camera as indicated by block 514. 
When approximately 99.98 to 99.99% of the final amount of coating is applied to 
the part, the processor signals the part support to stop moving the part and the 
sprayer to stop applying coating to the part as indicated by block 516. The coated 

30 part is removed from the part support as indicated by block 51 8 and the coating on 
the part is cured in a final curing step using a suitable curing method as indicated 
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by block 520. When the coating on the part has cured, the coated part is placed in 
storage for use or shipping at a later time as indicated by block 522. 

Referring now to Fig. 23, another embodiment of the present invention is 
shown where the laser generator and the laser receiver each include a protective 
device such as a transparent film protective device 600, which minimizes the 
amount of excess coating that builds up on the front surfaces of the laser 
generator and laser receiver housings. In Fig. 23, the attachment and operation of 
the transparent film protective device is shown with respect to the laser generator 
housing 113. It should be appreciated however, that the attachment and function 
of the device is identical for the laser receiver housing. The transparent film 
protective device 600 includes a protective material provider or film provider such 
as first roller 604a and a protective material receiver or film receiver such as 
second roller 604b positioned adjacent to the front surface of the housing 1 13 and 
attached inside the housing in a suitable manner. A protective material such as 
transparent film 602 or clear plastic film of a suitable width and thickness, is wound 
about the first roller 604a. Preferably, the film is pre-wound about the first roller 
and pre-packaged (similar to camera film) to prevent dust or other contaminants 
from damaging or creating an obstruction on the transparent film. The film 602 is 
then guided through the channel 146b (which extends along the entire length of 
the front surface of the housing) and is attached to the second roller 604b. The 
second roller 604b is rotatably connected to the housing. A suitable actuator such 
as a motor (not shown) is attached to the second roller and causes the second 
roller to rotate. The motor is in communication with the processor and may be 
programmed to move or index the transparent film from the first roller to the 
second roller in predetermined intervals. The transparent film 602 provides a clear 
protective cover for the laser generator and the laser receiver to prevent excess 
coating from accumulating on the front surfaces of the housings and obstructing 
the laser generated by the laser generator. The transparent film may be changed 
or replaced as needed. It should be appreciated that the protective material may 
be any suitable protective material or transparent film. It should be appreciated 
that other mechanisms may be employed in accordance with the present invention 
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to provide a transparent protective material for the laser generator and the laser 
receiver. 

In another embodiment, the part measurer of the present invention is 
employed in a powder coating process or powder spray process which enables an 
5 operator to accurately measure and control the application of a coating or coatings 
to a section of a part. In the powder spray process, very fine particles are applied 
to the section of the part being coated. In one embodiment, a charge such as a 
positive charge is generated in the entire part or the section of the part being 
coated using electricity from a conventional electrical outlet or other suitable 

1 0 electrical source. The charge of the part or the section of the part is opposite to the 
charge of the powder coating. The oppositely charged part or part surface attracts 
the fine particles of the powder coating to the part. The resultant coated part 
includes an even and uniform coating, which strongly adheres to the surface of the 
part. In one embodiment, the powder coated part is cured in a convection oven, an 

15 infrared oven or any other suitable curing device or curing process, which shrinks 
the powder coating onto the part being coated or the section of the part being 
coated. 

In one embodiment, a single powder coating layer is applied to the part or 
the section of the part being coated using the powder coating system or process 

20 described above. In another embodiment, two powder coating layers are applied 
to the part or the section of the part being coated. In this embodiment, a first 
powder coating layer is applied to the part as described above and then a second 
powder coating layer is applied to the first powder coating layer on the part in the 
same manner. It should be appreciated that any suitable number of powder 

25 coating layers may be applied to the part or the section of the part being coated. In 
a further embodiment, a liquid coating layer such as a primer coating is applied to 
the part initially and then the powder coating is applied to the primer coating on the 
part. The powder coating adheres to the liquid coating or primer coating to 
produce the final coated part. In another embodiment, one or more topcoats or 

30 final coating layers are applied to the powder coating on the section of the part 
being coated. It should be appreciated that the part measurer of the present 
invention may be employed in a coating system that applies powder coatings, 
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liquid coatings or any suitable combination of powder coatings and liquid coatings 
to a part or section of a part. 

In another embodiment, the part measurer of the present invention is 
employed in an electrostatic powder spray system or process which uses an 
5 electrostatic spray gun to apply a powder coating to a part or a section of the part 
being coated as described above. In this embodiment, a bonding material, 
bonding coating or primer and then a conductive material or conductive coating is 
applied to the section of the part being coated. The powder or powder coating 
includes a charge such as a positive charge and the conductive material includes 

10 an opposite charge such as a negative charge. The conductive coating attracts 
the oppositely charged powder coating to the conductive material or coating on the 
part or the section of the part. In one embodiment, the coated part is cured in a 
convection oven, an infrared oven or any other suitable curing device or curing 
process, which evaporates the conductive coating and enables the powder coating 

15 to shrink onto the part being coated or the section of the part being coated. It 
should be appreciated that the electrostatic spray system or process may use one 
or more electrostatic spray guns to apply the coatings to the part or the section of 
the part being coated. In the above embodiments, the part measurer of the 
present invention enables the powder coating systems to coat parts or sections of 

20 parts with greater accuracy and precision. 

In a further embodiment, a coating system includes a plurality of coating 
stations, wherein each station includes at least one part measurer and at least one 
sprayer or coating applicator. For example, one or more stations may include the 
part measurer and sprayer configuration shown in Fig. 2A or the part measurer 

25 and sprayer shown in Fig. 17A. In one embodiment, a suitable processor such as 
a computer having a monitor 130 is used to communicate with the part measurers 
and sprayers at each station. In another embodiment, a computer and monitor are 
located at each station and communicate and control the operation of the part 
measurer or part measurers and the sprayer or sprayers at each station. The 

30 stations are preferably connected by conveyors or other suitable part 
transportation devices. In this embodiment, a part or a section of a part is coated 
at one or more of the stations while being measured at one or more of the 
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stations. For example, a part including multiple coatings may be coated and 
measured at one station or at several of the stations. The conveyors transport the 
part to be coated to and from each of the stations. It should be appreciated that 
each station may include a sprayer or sprayers that apply a liquid coating, a 
5 powder coating, a plurality of liquid coatings, a plurality of powder coatings or any 
suitable combination of liquid and powder coatings to the part or section of the part 
being coated. In one embodiment, one or more of the stations include a curing 
oven, infrared oven or other suitable curing device or process, which cures one or 
more of the coatings applied to the part. 

10 It should be appreciated that the part measurer may include a laser 

generator, a laser receiver, a digital camera, a plurality of digital cameras or any 
suitable combination of these components. It should also be appreciated that the 
present invention may be used to measure the dimension or dimensions of a 
section of a part including an angled surface, a beveled surface, a tapered 

15 surface, a convex surface, a concave surface or any other uniform or non-uniform 
surface of a part. 

It should be understood that various changes and modifications to the 
presently preferred embodiments described herein will be apparent to those skilled 
in the art. Such changes and modifications can be made without departing from 
20 the spirit and scope of the present invention and without diminishing its intended 
advantages. It is therefore intended that such changes and modifications be 
covered by the appended claims. 
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CLAIMS 

The invention is claimed as follows: 

1 . A coating apparatus comprising: 
means for supporting a part; 

5 means positioned adjacent to the support means for applying a coating to a 

section of the part; and 

means positioned adjacent to the support means for measuring the section 
of the part, wherein the measuring means measures a dimension of a section of a 
part being coated while the coating means applies an amount of coating to the 
10 section of the part based on said dimension measurements and desired dimension 
of the section of the part. 

2. The apparatus of Claim 1 , wherein the support means includes a 
part support. 

15 

3. The apparatus of Claim 2, which includes at least one shield 
connected to the part support. 

4. The apparatus of Claim 1 , wherein the support means includes a 
20 conveyor. 

5. The apparatus of Claim 1, wherein the coating means includes a 
sprayer. 

25 6. The apparatus of Claim 1, wherein the coating means includes a 

plurality of sprayers. 

7. The apparatus of Claim 6, which includes a coating communication 
line and an air communication line connected to each of the sprayers. 

30 

8. The apparatus of Claim 1, wherein the measuring means includes a 
laser generator and a laser receiver, said laser generator positioned adjacent to 
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one side of the support means and said laser receiver positioned adjacent to an 
opposing side of the support means. 



9. The apparatus of Claim 8, wherein the laser generator and laser 
5 receiver are each mounted in a housing. 

10. The apparatus of Claim 9, wherein the housings each include a 
transparent member connected to said housing. 

10 11. The apparatus of Claim 10, wherein each transparent member is 

removably connected to the housing. 

12. The apparatus of Claim 10, which includes an excess coating 
reducer connected positioned adjacent to the transparent member of each 

15 housing. 

13. The apparatus of Claim 1, which includes a display device in 
communication with the measuring means and which displays the dimension 
measurements of the section of the part. 

20 

1 4. The apparatus of Claim 1 , which includes an exhaust duct positioned 
adjacent to the support means. 

1 5. The apparatus of Claim 1 , which includes a display device which 
25 displays the dimensional measurements of the section of the part. 

1 6. A coating apparatus comprising: 
a part support; 

a sprayer positioned adjacent to the part support; and 
30 a part measurer positioned adjacent to the part support, wherein the part 

measurer is operable to measure a dimension of a section of a part which is 
supported by the part support and coated by the sprayer as the sprayer applies an 
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amount of coating to the section of the part based on said dimension 
measurements and desired dimension of the section of the part. 

17. The apparatus of Claim 16, wherein the part support includes a 
5 conveyor. 

1 8. The apparatus of Claim 16, which includes a display device operable 
to display the dimension measurements of the section of the part. 

10 19. The apparatus of Claim 16, which includes a coating communication 

line and an air communication line connected to the sprayer. 

20. The apparatus of Claim 16, wherein the part measurer includes a 
laser generator and a laser receiver, said laser generator positioned adjacent to 

15 one side of the part support and said laser receiver positioned adjacent to an 
opposing side of the part support. 

21. The apparatus of Claim 20, wherein the laser generator and laser 
receiver are each mounted in a housing. 

20 

22. The apparatus of Claim 21, wherein each housing includes a 
transparent member connected to said housing. 

23. The apparatus of Claim 22, which includes an excess coating 
25 reducer positioned adjacent to the transparent member of each housing. 

24. The apparatus of Claim 16, which includes an exhaust duct 
positioned adjacent to the part support. 

30 25. A coating apparatus comprising: 

a part support; 
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a part measurer positioned adjacent to the part support, said part measurer 
operable to measure a section of a part supported by the part support; 

a sprayer positioned adjacent to the part support, said sprayer operable to 
apply an amount of coating to said section of the part based on a plurality of 
5 measurements of the section taken by the part measurer and the desired 
dimension of the section of the part; and 

a display device in communication with the part measurer, said display 
device operable to display the measurements of the section of the part while the 
coating is applied to the part by the sprayer. 

10 

26. The apparatus of Claim 25, wherein the part support includes a 
conveyor. 

27. The apparatus of Claim 25, which includes a coating communication 
1 5 line and an air communication line connected to the sprayer. 

28. The apparatus of Claim 25, wherein the part measurer includes a 
laser generator and a laser receiver, said laser generator positioned adjacent to 
one side of the part support and said laser receiver positioned adjacent to an 

20 opposing side of the part support. 

29. The apparatus of Claim 28, wherein the laser generator and laser 
receiver are each mounted in a housing. 

25 30. The apparatus of Claim 29, wherein each housing includes a 

transparent member connected to said housing. 

31. The apparatus of Claim 30, which includes an excess coating 
reducer positioned adjacent to the transparent member of each housing. 

30 32. The apparatus of Claim 25, which includes an exhaust duct 

positioned adjacent to the part support. 
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33. A coating apparatus comprising: 
a part support adapted to support a part; 

a laser generator and a laser receiver positioned on opposing sides of the 
part support, said the laser generator operable to project a laser beam onto a 
5 section of the part supported by the part support, said laser receiver operable to 
receive the laser beam to take measurements of said section of the part; 

a sprayer positioned adjacent to the part support, said sprayer operable to 
apply an amount of coating to the section of the part based on said measurements 
and desired dimension of the section of the part; and 
10 a display device in communication with the laser receiver, said display 

device operable to display said measurements. 

34. The coating apparatus of Claim 33, wherein the part support includes 
a conveyor. 

15 

35. The apparatus of Claim 33, wherein the laser generator and the laser 
receiver are each mounted in a housing. 

36. The apparatus of Claim 35, which includes a transparent member 
20 connected to each housing. 

37. The apparatus of Claim 36, which includes an excess coating 
reducer positioned adjacent to the transparent member of each housing. 

25 38. The apparatus of Claim 33, which includes a coating communication 

line and an air communication line connected to the sprayer. 

39. The apparatus of Claim 33, which includes an exhaust duct 
positioned adjacent to the part support. 

30 

40. A coating apparatus comprising: 
a part support; 
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a sprayer positioned adjacent to the part support; 

a part measurer including a laser generator and a laser receiver positioned 
on opposing sides of the part support; 

an exhaust duct positioned adjacent to the part support opposite from the 
5 sprayer; and 

a display device positioned to face an operator, wherein the part measurer 
is operable to measure a dimension of a section of a part being coated, the display 
device is operable to display the measurements of the dimension to the operator, 
the sprayer is operable to apply an amount of coating to the section of the part 
10 based on said measurements and a desired dimension of the section of the part 
and the exhaust duct is operable to exhaust excess coating that does not adhere 
to the part. 

41 . The apparatus of Claim 40, wherein the part support includes a 
1 5 conveyor. 

42. The apparatus of Claim 40, which includes a coating communication 
line and an air communication line connected to the sprayer. 

20 43. The apparatus of Claim 40, wherein the laser generator and laser 

receiver are each mounted in a housing. 

44. The apparatus of Claim 43, wherein each housing include a 
transparent member connected to said housing. 

25 

45. The apparatus of Claim 44, which includes an excess coating 
reducer positioned adjacent to the transparent member of each housing. 

46. The apparatus of Claim 40, which includes an exhaust duct 
30 positioned adjacent to the part support. 

47. A coating apparatus comprising: 
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a part support; 

a plurality of sprayers positioned adjacent to the part support; and 
a part measurer positioned adjacent to the part support, wherein the part 
measurer is operable to take measurements of a dimension of a section of a part 
5 supported by the part support and being coated while at least one of the sprayers 
applies an amount of coating to the section of the part based on said 
measurements and a desired dimension of the section of the part. 

48. The apparatus of Claim 47, which includes a coating communication 
10 line and an air communication line connected to each of the sprayers. 

49. The apparatus of Claim 47, wherein the part support includes a 
conveyor. 

15 50. The apparatus of Claim 47, which includes a display device 

controlled by the processor and operable to display the measurements of the 
section of the part. 

51 . The apparatus of Claim 47, wherein the part measurer includes a 
20 laser generator and a laser receiver, said laser generator positioned adjacent to 

one side of the part support and said laser receiver positioned adjacent to an 
opposing side of the part support. 

52. The apparatus of Claim 51, wherein the laser generator and laser 
25 receiver are each mounted in a housing. 

53. The apparatus of Claim 52, wherein each housing includes a 
transparent member connected to said housing. 

30 54. The apparatus of Claim 53, which includes an excess coating 

reducer positioned adjacent to the transparent member of each housing. 
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55. The apparatus of Claim 47, which includes an exhaust duct 
positioned adjacent to the part support. 

56. The apparatus of Claim 47, wherein each of the sprayers is operable 
5 to apply a different coating to the section of the part. 

57. The apparatus of Claim 56, wherein the coatings include a base 
coating, a middle coating and a top coating. 

10 58. The apparatus of Claim 56, wherein each of the sprayers includes a 

spray control which enables the sprayers to apply the coatings at different rates. 

59. A coating apparatus for applying a coating to a section of a part, said 
apparatus comprising: 

1 5 support means for supporting the part; 

means positioned adjacent to the support means for applying a coating to 
the section of the part; 

means positioned adjacent to the support means for measuring the section 
of the part; and 

20 means for controlling the support means, coating means and measuring 

means, said controlling means operable to cause the measuring means to 
measure a dimension of the section of the part being coated while causing the 
coating means to continue to apply an amount of coating to the section of the part 
based on the measurements and desired dimension of the section of the part. 

25 

60. The apparatus of Claim 59, wherein the support means includes a 
part support. 

61. The apparatus of Claim 60, which includes at least one shield 
30 connected to the part support. 
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62. The apparatus of Claim 59, wherein the support means includes a 
conveyor. 

63. The apparatus of Claim 59, wherein the coating means includes a 
5 sprayer. 

64. The apparatus of Claim 59, wherein the coating means includes a 
plurality of sprayers. 

10 65. The apparatus of Claim 64, which includes a coating communication 

line and an air communication line connected to each of the sprayers. 

66. The apparatus of Claim 59, wherein the measuring means includes a 
laser generator and a laser receiver, said laser generator positioned adjacent to 

15 one side of the support means and said laser receiver positioned adjacent to an 
opposing side of the support means. 

67. The apparatus of Claim 66, wherein the laser generator and laser 
receiver are each mounted in a housing. 

20 

68. The apparatus of Claim 67, wherein the housings each include a 
transparent member connected to said housing. 

69. The apparatus of Claim 68, wherein each transparent member is 
25 removably connected to the housing. 

70. The apparatus of Claim 68, which includes an excess coating 
reducer positioned adjacent to the transparent member of each housing. 

30 71. The apparatus of Claim 59, which includes a display device in 

communication with the control means and which displays the measurements of 
the section of the part. 
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72. The apparatus of Claim 59, which includes an exhaust duct 
positioned adjacent to the support means. 

73. A coating apparatus for applying a coating to a section of a part, said 
apparatus comprising: 

a part support; 

a sprayer positioned adjacent to the part support; 
a part measurer positioned adjacent to the part support; and 
a processor which controls the part support, sprayer and part measurer to 
measure a dimension of the section of a part supported by the part support and 
being coated while causing the sprayer to apply an amount of coating to the 
section of the part based on said measurements and desired dimension of the 
section of the part. 

74. The apparatus of Claim 73, wherein the part support includes a 
conveyor. 

75. The apparatus of Claim 73, which includes a display device 
controlled by the processor and which displays said measurements of the section 
of the part. 

76. The apparatus of Claim 73, which includes a coating communication 
line and an air communication line connected to the sprayer. 

77. The apparatus of Claim 73, wherein the part measurer includes a 
laser generator and a laser receiver, said laser generator positioned adjacent to 
one side of the part support and said laser receiver positioned adjacent to an 
opposing side of the part support. 

78. The apparatus of Claim 77, wherein the laser generator and laser 
receiver are each mounted in a housing. 
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79. The apparatus of Claim 78, wherein each housing includes a 
transparent member connected to said housing. 

5 80. The apparatus of Claim 79, which includes an excess coating 

reducer positioned adjacent to the transparent member of each housing. 

81. The apparatus of Claim 73, which includes an exhaust duct 
positioned adjacent to the part support. 

10 

82. A coating apparatus for applying a coating to a section of a part, said 
apparatus comprising: 

a part support; 

a sprayer positioned adjacent to the part support; 
15 a part measurer including a laser generator and a laser receiver positioned 

on opposing sides of the part support; 

an exhaust duct positioned adjacent to and on an opposing side of the part 
support from the sprayer; 

a display device positioned adjacent to the part support; and 
20 a processor which controls with the part support, sprayer, part measurer, 

and display device to simultaneously measure a dimension of the section of a part 
supported by the part support and being coated, display the measurements to an 
operator, cause the sprayer to apply an amount of coating to the section of the 
part based on the measurements and desired dimension of the section of the part 
25 and exhaust excess coating from the sprayer that does not adhere to the part. 

83. The apparatus of Claim 82, wherein the part support includes a 
conveyor. 

30 84. A coating apparatus for applying a coating to a section of a part, said 

apparatus comprising: 
a part support; 
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a plurality of sprayers positioned adjacent to the part support; 
a part measurer positioned adjacent to the part support; and 
a processor which controls the part support, sprayers and part measurer to 

measure a dimension of a section of a part supported by the part support and 
5 being coated while causing the sprayer to apply an amount of coating to the 

section of the part based on said measurements and desired dimension of the 

section of the part. 

85. The apparatus of Claim 84, which includes a coating communication 
1 0 line and an air communication line connected to each of the sprayers. 

86. A coating apparatus comprising: 
means for supporting a part; 

means positioned adjacent to the support means for applying a coating to a 
1 5 section of the part; and 

means positioned adjacent to the support means for measuring a section of 
the part, wherein the measuring means is operable to measure a parameter of the 
section of the part being coated while the coating means applies an amount of 
coating to the section of the part based on the parameter measurement and 
20 desired parameter measurement of the section of the part. 

87. The apparatus of Claim 86, wherein the support means includes a 
part support. 

25 88. The apparatus of Claim 87, which includes at least one shield 

connected to the part support. 

89. The apparatus of Claim 86, wherein the support means includes a 
conveyor. 

30 

90. The apparatus of Claim 86, wherein the coating means includes a 
sprayer. 
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91. The apparatus of Claim 86, wherein the coating means includes a 
plurality of sprayers. 

5 92. The apparatus of Claim 91, which includes a coating communication 

line and an air communication line connected to each of the sprayers. 

93. The apparatus of Claim 86, wherein the measuring means includes a 
laser generator and a laser receiver, said laser generator positioned adjacent to 

10 one side of the support means and said laser receiver positioned adjacent to an 
opposing side of the support means. 

94. The apparatus of Claim 93, wherein the laser generator and laser 
receiver are each mounted in a housing. 

15 95. The apparatus of Claim 94, wherein the housings each include a 

transparent member connected to said housing. 

96. The apparatus of Claim 95, wherein each transparent member is 
removably connected to the housing. 

20 

97. The apparatus of Claim 95, which includes an excess coating 
reducer connected to the frame and positioned adjacent to the transparent 
member of each housing. 

25 98. The apparatus of Claim 86, which includes a display device in 

communication with the measuring means and operable to display the parameter 
measurements of the section of the part. 

99. The apparatus of Claim 86, which includes an exhaust duct 
30 positioned adjacent to the support means. 
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1 00. The apparatus of Claim 86, which includes a display device which 
displays the parameter measurements of the section of the part. 

101 . The apparatus of Claim 86, wherein the parameter is at least one of: 
5 a dimension of a section of the part; a thickness of a coating applied to the section 

of the part; and a thickness of a plurality of coatings applied to the section of the 
part. 

1 02. A coating apparatus comprising: 
10 a part support; 

a sprayer positioned adjacent to the part support; and 

a part measurer including a laser generator, a laser receiver and at least 
one digital camera positioned adjacent to the part support, wherein the part 
measurer is operable to measure at least two different planes of a dimension of a 
1 5 section of a part which is supported by the part support and coated by the sprayer 
while the sprayer applies an amount of coating to the section of the part being 
coated based on the dimension measurement of the section and the desired 
dimension of the section. 

20 103. The apparatus of Claim 102, wherein the part measurer includes a 

plurality of digital cameras. 

104. The apparatus of Claim 103, wherein at least two of the digital 
cameras takes at least one digital picture of a different plane of a section being 

25 coated. 

105. The apparatus of Claim 103, wherein all of the digital cameras take 
at least one digital picture of a different plane of a section being coated. 

30 106. The apparatus of Claim 103, wherein at least two of the digital 

cameras takes at least one digital picture of different sections of the part being 
coated. 
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107. The apparatus of Claim 103, wherein all of the digital cameras take 
at least one digital picture of different sections of the part being coated. 

5 108. The apparatus of Claim 102, wherein the digital camera is one of the 

digital cameras selected from the group consisting of: a digital motion picture 
camera, a digital camera and a DVT camera. 

109. The coating apparatus of Claim 102, wherein the digital camera 
10 includes a movable support. 

110. The coating apparatus of Claim 109, wherein the support is 
rotatable. 

15 111. The apparatus of Claim 102, which includes at least one shield 

connected to the part support. 

112. The apparatus of Claim 102, wherein the part support includes a 
conveyor. 

20 

113. The apparatus of Claim 1 02, which includes a plurality of sprayers. 

114. The apparatus of Claim 102, wherein the laser generator is 
positioned adjacent to one side of the part support and said laser receiver is 

25 positioned adjacent to an opposing side of the part support. 

115. The apparatus of Claim 102, which includes a display device in 
communication with the part measurer and displays at least one dimension 
measurement of the part. 

30 

116. The apparatus of Claim 115, wherein the display device displays a 
digital motion picture of the part as the part is being coated by the sprayer. 
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117. The apparatus of Claim 115, wherein the display device displays a 
digital picture of the part as the part is being coated by the sprayer. 

5 118. The apparatus of Claim 1 02, wherein the part includes at least one of 

the parts selected from the group of parts consisting of: round parts, tapered 
parts, beveled parts, threaded parts and angled parts. 

119. The apparatus of Claim 102, wherein the laser generator and laser 
1 0 receiver are each mounted in a housing. 

120. The apparatus of Claim 119, wherein the housings each include a 
protective device connected to said housing. 

15 121. The apparatus of Claim 120, wherein each protective device includes 

a protective material provider and a protective material receiver, wherein a 
protective material is attached to the protective material provider and the 
protective material receiver and moves adjacent to the housing from the protective 
material provider towards the protective material receiver. 

20 

122. The apparatus of Claim 121 , wherein the protective material provider 
includes a first roller and the protective material receiver includes a second roller. 

123. The apparatus of Claim 121, wherein the protective material includes 
25 a transparent film. 

124. The apparatus of Claim 121 , wherein the protective material receiver 
includes an actuator, wherein the protective material receiver is rotatably 
connected to the actuator. 

30 



64 



WO 2004/004926 



PCT/US2003/019583 



125. The apparatus of Claim 102, wherein the sprayer includes at least 
one powder coating sprayer which applies a layer of powder coating to the section 
of the part being coated. 

5 126. The apparatus of Claim 125, wherein the powder coating sprayer 

applies a plurality of layers of powder coating to the section of the part being 
coated. 

127. The apparatus of Claim 102, wherein the sprayer includes at least 
10 one electrostatic sprayer, which electrostatically applies at least one layer of 

coating to the section of the part being coated. 

128. The apparatus of Claim 102, wherein the sprayer applies at least one 
of the coatings to the section of the part selected from the group consisting of: a 

1 5 liquid coating, a powder coating, a primer coating and a topcoat. 

1 29. A coating apparatus comprising: 
a part support; 

a sprayer positioned adjacent to the part support; and 

20 a part measurer including at least one digital camera positioned adjacent to 

the part support, wherein the part measurer is operable to measure at least two 
different planes of a dimension of a section of a part which is supported by the part 
support and coated by the sprayer while the sprayer applies an amount of coating 
to the section of the part being coated based on the dimension measurement of 

25 the section and the desired dimension of the section. 

130. The apparatus of Claim 129, wherein the part measurer includes a 
plurality of digital cameras. 

30 131. The apparatus of Claim 130, wherein at least two of the digital 

cameras takes at least one digital picture of a different plane of a section being 
coated. 



65 



WO 2004/004926 



PCT/US2003/019583 



132. The apparatus of Claim 130, wherein all of the digital cameras take 
at least one digital picture of a different plane of a section being coated. 

5 133. The apparatus of Claim 130, wherein at least two of the digital 

cameras takes at least one digital picture of different sections of the part being 
coated. 

134. The apparatus of Claim 130, wherein all of the digital cameras take 
10 at least one digital picture of different sections of the part being coated. 

135. The apparatus of Claim 129, wherein the digital camera is one of the 
digital cameras selected from the group consisting of: a digital motion picture 
camera, a digital camera and a DVT camera. 

15 

136. The coating apparatus of Claim 129, wherein the digital camera 
includes a movable support. 

137. The coating apparatus of Claim 136, wherein the support is 
20 rotatable. 

138. The apparatus of Claim 129, which includes a display device, which 
displays a digital motion picture of the part as the part is being coated by the 
sprayer. 

25 

139. The apparatus of Claim 129, which includes a display device, which 
displays a digital picture of the part as the part is being coated by the sprayer. 

140. The apparatus of Claim 129, wherein the part includes at least one of 
30 the parts selected from the group of parts consisting of: round parts, tapered 

parts, beveled parts, threaded parts and angled parts. 
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141. The apparatus of Claim 129, wherein the laser generator and laser 
receiver are each mounted in a housing. 

142. The apparatus of Claim 141, wherein the housings each include a 
5 protective device connected to said housing. 

143. The apparatus of Claim 142, wherein each protective device includes 
a protective material provider and a protective material receiver, wherein a 
protective material is attached to the protective material provider and the 

10 protective material receiver and moves adjacent to the housing from the protective 
material provider towards the protective material receiver. 

144. The apparatus of Claim 143, wherein the protective material provider 
includes a first roller and the protective material receiver includes a second roller. 

15 

145. The apparatus of Claim 143, wherein the protective material includes 
a transparent film. 

146. The apparatus of Claim 143, wherein the protective material receiver 
20 includes an actuator, wherein the protective material receiver is rotatably 

connected to the actuator. 

147. The apparatus of Claim 129, wherein the sprayer includes at least 
one powder coating sprayer which applies a layer of powder coating to the section 

25 of the part being coated. 

148. The apparatus of Claim 147, wherein the powder coating sprayer 
applies a plurality of layers of powder coating to the section of the part being 
coated. 

30 
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149. The apparatus of Claim 129, wherein the sprayer includes at least 
one electrostatic sprayer, which electrostatically applies at least one layer of 
coating to the section of the part being coated. 

5 1 50. The apparatus of Claim 1 29, wherein the sprayer applies at least one 

of the coatings to the section of the part selected from the group consisting of: a 
liquid coating, a powder coating, a primer coating and a topcoat. 

151. A coating apparatus comprising: 

1 0 a part support adapted to support a part; 

a laser generator and a laser receiver positioned on opposing sides of the 
part support, the laser generator being operable to project a laser beam onto a 
section of the part supported by the part support, said laser receiver operable to 
receive the laser beam to take a dimension measurement of said section of the 

15 part; 

a digital camera positioned adjacent to the part support, wherein the digital 
camera is operable to take at least one digital picture of the section of the part 
being coated; 

a sprayer positioned adjacent to the part support, said sprayer operable to 
20 apply an amount of coating to the section of the part based on said dimension 
measurement and said digital picture of the section and the desired dimension of 
the section of the part; and 

a display device in communication with the laser receiver and the digital 
camera, said display device operable to display said dimension measurement and 
25 said digital picture of the section of the part being coated. 

152. The coating apparatus of Claim 151, wherein the digital camera is 
one of the digital cameras selected from the group consisting of: a digital motion 
picture camera, digital camera and a DVT camera. 

30 

153. The coating apparatus of Claim 151, which includes at least one 
additional digital camera. 
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1 54. A coating apparatus for applying a coating to a section of a part, said 
apparatus comprising: 

a part support; 

5 a sprayer positioned adjacent to the part support; 

a part measurer including a laser generator, a laser receiver and at least 
one digital camera positioned adjacent to the part support; 

a display device positioned adjacent to the part support; and 
a processor which controls the part support, sprayer, part measurer, and 
10 display device to simultaneously measure at least two different planes of a 
dimension of the section of a part supported by the part support and being coated 
by the sprayer, display the measurement to an operator on the display device and 
cause the sprayer to apply an amount of coating to the section of the part based 
on the measurement and desired dimension of the section of the part. 

15 

155. The apparatus of Claim 154, wherein the part measurer and the 
processor include a wireless communication device, which enables the part 
measurer to communicate with the processor. 

20 156. A coating system for applying at least one coating to a section of a 

part, said system comprising: 

a part transporter including at least one part support; 
a plurality of stations, each of said stations including at least one part 
measurer, said part measurer including a laser generator, a laser receiver and at 
25 least one digital camera positioned adjacent to the part support; 

at least one sprayer included in each of the stations, said sprayer 
positioned adjacent to the part support; 

a display device positioned adjacent to at least one of the stations; and 
a processor which controls the part transporter, the part support, the 
30 sprayers and the part measurers at each of the stations and the display device to 
simultaneously measure at least two different planes of a dimension of the section 
of a part being coated, display the measurement to an operator on the display 
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device and cause the sprayer in at least one of the stations to apply an amount of 
coating to the section of the part based on the measurement of the section of the 
part, the desired dimension of the section of the part and the coating 
specifications. 

5 

157. The system of Claim 156, wherein the part transporter includes at 
least one conveyor. 

158. The system of Claim 156, wherein the sprayer in at least one of the 
1 0 stations includes a powder coat sprayer. 

159. The system of Claim 156, wherein the sprayer in at least one of the 
stations includes an electrostatic sprayer. 

15 160. The system of Claim 156, which includes a plurality of part 

transporters, each of said part transporters including at least one part support, 
wherein the part transporters transport parts to and from the stations. 

161. A method for applying a coating to a section of a part, said method 
20 comprising the steps of: 

(a) placing the part on a part support; 

(b) initially measuring the dimension of the section of the part to be 
coated; 

(c) calculating an initial amount of coating to be applied to the section 
25 of the part based on the initial measurement and a desired dimension of the 

section of the part; 

(d) applying the initial amount of coating to the part while continuing 
to measure the dimension of the section of the part being coated; 

(e) calculating a final amount of coating to be applied to the section 

30 of the part based on said measurements and the desired dimension of the 

section of the part; 
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(f) applying the final amount of coating to the section of the part 
while continuing to measure the dimension of the section of the part being 
coated; and 

(g) removing the part from the part support. 

5 

1 62. The method of Claim 161, wherein the step of measuring the section 
of the part includes projecting at least a portion of a laser beam on opposing sides 
of the section of the part being coated. 

10 1 63. The method of Claim 161, wherein the step of measuring the section 

of the part includes horizontally projecting a laser beam at a level of the section of 
the part being coated. 

1 64. The method of Claim 1 61 , wherein the step of measuring the section 
1 5 of the part includes projecting a laser beam in a plane of the section of the part 

being coated. 

165. The method of Claim 164, wherein the step of measuring the section 
of the part further includes horizontally projecting a portion of the laser beam on 

20 opposing sides of the section of the part being coated. 

166. The method of Claim 161 , wherein the step of measuring the section 
of the part includes projecting a laser beam in a plane of the section of the part 
being coated and wherein the dimension of the laser beam is greater than the 

25 diameter of the section of the part being coated. 

167. The method of Claim 161, wherein the step of calculating the initial 
amount of coating includes calculating an initial amount of coating that is greater 
than the final amount of coating. 

30 
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168. The method of Claim 161, wherein the step of calculating the initial 
amount of coating includes calculating an initial amount of coating that is greater 
than half of the final amount of coating applied to the part. 

5 169. The method of Claim 161, wherein the step of calculating the initial 

amount of coating includes calculating an initial amount of coating that is greater 
than approximately 90% of the final amount of coating applied to the part. 

170. The method of Claim 161 , wherein the step of placing the part on the 
1 0 part support is performed mechanically. 

171 . The method of Claim 161 , wherein the step of removing the part from 
the part support is performed mechanically. 

15 172. The method of Claim 161, which includes the step of directing air 

adjacent to at least one side of the part support. 

173. The method of Claim 161, which includes the step of directing air 
from at least one side of the part support. 

20 

174. The method of Claim 161, which includes the step of displaying the 
measurements of the section of the part being coated on a display device. 

175. The method of Claim 161, which includes the step of prompting a 
25 user when the measurement of the section of the part being coated is not within a 

predetermined range of acceptable dimensions for coating. 

176. The method of Claim 161, which includes the step of exhausting 
excess coating that does not adhere to the section of the part while the coating is 

30 being applied to the section of the part. 
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177. The method of Claim 161, which includes the step of shielding at 
least one portion of the part while coating is being applied to the section of the 
part. 

5 178. The method of Claim 161, which includes the step of curing the 

coating on the section of the part after the final amount of coating is applied to the 
section of the part and the part is removed from the part support. 

179. The method of Claim 161, which includes the step of curing the 
10 coating on the section of the part after the final amount of coating is applied to the 

section of the part and before the part is removed from the part support. 

1 80. The method of Claim 1 61 , which includes the step of rotating the part 
on the part support. 

15 

181. The method of Claim 161, wherein the step of placing the part on a 
part support includes placing the part on a conveyor. 

182. A method for applying a coating to a section of a part, said method 
20 comprising the steps of: 

(a) initially measuring the dimension of the section of the part to be 
coated; 

(b) calculating an initial amount of coating to be applied to the section of 
the part based on the said initial measurement and a desired dimension of the 

25 section of the part; 

(c) applying the initial amount of coating to the part; 

(d) intermediately measuring the dimension of the section of the part 
with the initial amount of coating before the initial amount of coating cures; 

(e) calculating a final amount of coating to be applied to the section of 
30 the part based on said intermediate measurement and the desired dimension of 

the section of the part; and 

(f) applying the final amount of coating to the section of the part. 
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183. The method of Claim 182, wherein the measuring the section of the 
part includes projecting a laser beam in a plane of the section of the part from a 
laser generator toward the part and to a laser receiver, and calculating the 

5 dimension of the part based on the portions of the laser beam which are not 
blocked by the part. 

184. A method for applying a coating to a section of a part, said method 
comprising the steps of: 

1 0 (a) placing the part on a part support; 

(b) applying an initial amount of coating to the section of the part based 
on a desired dimension of the section while measuring the dimension of the 
section of the part being coated; 

(c) calculating a final amount of coating to apply to the section of the 
1 5 part based on the measurement of the section of the part after the initial amount of 

coating is applied before the initial amount of coating cures, and the desired 
dimension of the section of the part; 

(d) applying the final amount of coating to the section of the part while 
continuing to measure the dimension of the section of the part being coated; and 

20 (e) removing the part from the part support. 

185. The method of Claim 184, wherein the step of measuring the 
dimension of the section of the part includes projecting at least a portion of a laser 
beam on opposing sides of the section of the part being coated. 

25 

186. The method of Claim 184, wherein the step of measuring the 
dimension of the section of the part includes horizontally projecting a laser beam 
at a level of the section of the part being coated. 

30 187. The method of Claim 184, wherein the step of measuring the 

dimension of the section of the part includes projecting a laser beam in a plane of 
the section of the part being coated. 
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188. The method of Claim 187, wherein the step of measuring the 
dimension of the section of the part further includes horizontally projecting a 
portion of the laser beam on opposing sides of the section of the part being 

5 coated. 

189. The method of Claim 24, wherein the step of measuring the 
dimension of the section of the part includes projecting a laser beam in a plane of 
the section of the part being coated and wherein the width of the laser beam is 

1 0 greater than the diameter of the section of the part being coated. 

190. The method of Claim 24, wherein the step of applying the initial 
amount of coating includes applying the initial amount of coating until the 
measurement of the section of the part is greater than approximately half of the 

1 5 desired dimension of the section of the part. 

191. The method of Claim 24, wherein the step of applying the initial 
amount of coating includes applying the initial amount of coating until the 
measurement of the section of the part is greater than approximately 90% of the 

20 desired dimension of the section of the part. 

192. The method of Claim 184, wherein the step of placing the part on the 
part support is performed mechanically. 

25 193. The method of Claim 184, wherein the step of removing the part from 

the part support is performed mechanically. 

194. The method of Claim 184, which includes the step of directing air 
adjacent to at least one side of the part support. 

30 

195. The method of Claim 184, which includes the step of directing air 
from at least one side of the part support. 
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196. The method of Claim 184, which includes the step of displaying the 
measurements of the section of the part being coated on a display device. 

5 197. The method of Claim 184, which includes the step of measuring the 

part prior to applying a coating and prompting a user when the said measurement 
of the section of the part being coated is not within a predetermined range of 
acceptable dimensions. 

10 198. The method of Claim 184, which includes the step of exhausting 

excess coating that does not adhere to the section of the part while the coating is 
being applied to the section of the part. 

199. The method of Claim ,184, which includes the step of shielding at 
1 5 least one portion of the part while the coating is being applied to the section of the 

part. 

200. The method of Claim 184, which includes the step of curing the 
coating on the section of the part after the final amount of coating is applied to the 

20 section of the part and the part is removed from the part support. 

201. The method of Claim 184, which includes the step of curing the 
coating on the section of the part after the final amount of coating is applied to the 
section of the part and before the part is removed from the part support. 

25 

202. The method of Claim 184, which includes the step of rotating the part 
on the part support. 

203. The method of Claim 184, wherein the step of placing the part on a 
30 part support includes placing the part on a part support which includes a conveyor. 



76 



WO 2004/004926 



PCT/US2003/019583 



204. A method for applying a coating to a section of a part, said method 
comprising the steps of: 

(a) placing the part on a part support; 

(b) applying an initial amount of coating to the section of the part based 
5 on a desired dimension of the section while measuring a dimension of the section 

of the part being coated by projecting a laser beam at a level of the section of the 
part being coated from a laser generator to a laser receiver and calculating the 
dimension of the section the part based on the portions of the laser beam not 
blocked by the part; 

10 (c) calculating a final amount of coating to apply to the section of the 

part based on the dimension of the section of the part after the initial amount of the 
coating is applied and before the coating is cured and the desired dimension of the 
section of the part; 

(d) applying the final amount of coating to the section of the part while 
1 5 continuing to measure the dimension of the section of the part being coated; and 

(e) removing the part from the part support. 

205. The method of Claim 204, wherein the step of applying the initial 
amount of coating includes applying the initial amount of coating until the 

20 dimension of the section of the part is greater than approximately half of the 
desired dimension of the section of the part. 

206. The method of Claim 204, wherein the step of placing the part on a 
part support includes placing the part on a conveyor. 

25 

207. A method for applying a coating to a section of a part, said method 
comprising the steps of: 

(a) placing the part on a part support; 

(b) taking an initial measurement of a dimension of the section of the 
30 part to be coated; 
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(c) calculating an initial amount of coating to apply to the section of the 
part based on said initial measurement and desired dimension of the section of the 
part; 

(d) applying the initial amount of coating to the section of the part while 
5 projecting a laser beam at a level of the section of the part to take a further 

measurement of the dimension of the section of the part being coated; 

(e) calculating a final amount of coating to apply to the section of the 
part based on said further measurement and desired dimension of the section of 
the part; 

10 (f) applying the final amount of coating to the section of the part while 

projecting a laser beam at the level of the section of the part to take a final 
measurement of the dimension of the section of the part being coated; and 
(g) removing the part from the part support. 

15 208. The method of Claim 207, wherein the step of projecting the laser 

beam includes projecting at least a portion of the laser beam on opposing sides of 
the section of part. 

209. The method of Claim 207, which includes the step of directing air 
20 adjacent to at least one side of the part support. 

210. The method of Claim 207, which includes the step of directing air 
from at least one side of the part support. 

25 211. The method of Claim 207, wherein the step of placing the part on a 

part support includes placing the part on a conveyor. 

212. A method for applying a coating to a section of a part, said method 
comprising the steps of: 
30 (a) placing the part on a part support; 
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(b) applying an amount of coating to the section of the part being coated 
based on continuous measurements of the section of the part and a desired 
dimension of the section of the part; and 

(c) removing the part from the part support when the measurements of 

5 the section of the part is within a range of acceptable dimensions for the section of 
the part. 

213. The method of Claim 212, wherein the step of taking the continuous 
measurements of the section of the part includes projecting at least a portion of a 

1 0 laser beam on opposing sides of the section of the part being coated. 

214. The method of Claim 212, wherein the step of taking the continuous 
measurements of the section of the part includes horizontally projecting a laser 
beam at a level of the section of the part being coated. 

15 

21 5. The method of Claim 212, wherein the step of taking the continuous 
measurements of the section of the part includes projecting a laser beam in a 
plane of the section of the part being coated. 

20 216. The method of Claim 215, wherein the step of taking the continuous 

measurements of the section of the part includes projecting a portion of the laser 
beam on opposing sides of the section of the part being coated. 

217. The method of Claim 212, wherein the step of taking the continuous 
25 measurements of the section of the part includes projecting a laser beam in a 

plane of the section of the part being coated and wherein the dimension of the 
laser beam is greater than the diameter of the section of the part being coated. 

218. The method of Claim 212, wherein the step of applying an amount of 
30 coating to the section of the part includes applying the coating in a plurality of 

stages based on said measurements. 
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219. The method of Claim 218, which includes the step of applying an 
initial amount of coating and a final amount of coating to the section of the part by 
calculating the initial amount of coating and the final amount of coating based on 
said measurements and desired dimension of the section of the part, wherein the 

5 initial amount of coating is greater than the final amount of coating. 

220. The method of Claim 218, which includes the step of applying an 
initial amount of coating and a final amount of coating to the section of the part by 
calculating the initial amount of coating and the final amount of coating based on 

10 said measurements and desired dimension of the section of the part, wherein the 
initial amount of coating is greater than approximately 90% of a total amount of 
coating applied to the part. 

221. The method of Claim 212, which includes the step of prompting a 
15 user when the measurement of the section of the part being coated is not within 

the range of acceptable dimensions. 

222. The method of Claim 212, which includes the step of curing the 
coating on the section of the part after the coating has been applied to the section 

20 of the part and the part is removed from the part support. 

223. The method of Claim 212, which includes rotating the part on the 
part support. 

25 224. The method of Claim 212, wherein the step of placing the part on a 

part support includes placing the part on a part support including a conveyor. 

225. A method for applying a coating to a section of a part, said method 
comprising the steps of: 
30 (a) applying an amount of coating to the section of the part being coated 

based on continuous measurements of the section of the part and a desired 
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dimension of the section of the part until the measurements of the section of the 
part are within a range of acceptable dimensions for the section of the part; and 
(b) curing the coating on the section of the part. 

5 226. The method of Claim 225, which includes the step of prompting a 

user when the measurement of the section of the part being coated is not within 
the range of acceptable dimensions. 

227. The method of Claim 225, which includes rotating the part on a part 
1 0 support when applying the amount of coating and taking said measurements. 

228. The method of Claim 227, wherein the step of placing the part on a 
part support includes placing the part on a conveyor. 

1 5 229. A method for applying a coating to a section of a part, said method 

comprising the steps of: 

(a) placing the part on a part support; 

(b) applying an amount of coating to the section of the part until a 
dimensional measurement of the section of the part is within a range of acceptable 

20 dimensions for the section of the part, said amount of coating based on a plurality 
of measurements of the section of the part taken before and while the section of 
the part is being coated and a desired dimension of the section of the part; and 

(c) removing the part from the part support. 

25 230. The method of Claim 229, wherein the step of taking the plurality of 

measurements of the section of the part includes projecting at least a portion of a 
laser beam on opposing sides of the section of the part being coated. 

231 . The method of Claim 229, wherein the step of taking the plurality of 
30 measurements of the section of the part includes horizontally projecting a laser 
beam at a level of the section of the part being coated. 
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232. The method of Claim 229, wherein the step of taking the plurality of 
measurements of the section of the part includes projecting a laser beam in a 
plane of the section of the part being coated. 

5 233. The method of Claim 232, wherein the step of taking the plurality of 

measurements of the section of the part includes projecting a portion of the laser 
beam on opposing sides of the section of the part being coated. 

234. The method of Claim 229, wherein the step of taking the plurality of 
10 measurements of the section of the part includes projecting a laser beam in a 

plane of the section of the part being coated and wherein the dimension of the 
laser beam is greater than the diameter of the section of the part being coated. 

235. The method of Claim 229, wherein the step of applying an amount of 
15 coating to the section of the part includes applying the coating in a plurality of 

stages based on said plurality of measurements. 

236. The method of Claim 235, which includes the step of applying an 
initial amount of coating and a final amount of coating to the section of the part by 

20 calculating the initial amount of coating and the final amount of coating based on 
the plurality of measurements and desired dimension of the section of the part, 
wherein the initial amount of coating is greater than the final amount of coating. 

237. The method of Claim 235, which includes the step of applying an 
25 initial amount of coating and a final amount of coating to the section of the part by 

calculating the initial amount of coating and the final amount of coating based on 
the plurality of measurements and desired dimension of the section of the part, 
wherein the initial amount of coating is greater than approximately 90% of a total 
amount of coating applied to the part. 

30 
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238. The method of Claim 229, which includes the step of prompting a 
user when at least one of the measurements of the section of the part being 
coated is not within the range of acceptable dimensions. 

5 239. The method of Claim 229, which includes the step of curing the 

coating on the section of the part after the coating has been applied to the section 
of the part and the part is removed from the part support. 

240. The method of Claim 229, which includes rotating the part on the 
10 part support. 

241 . The method of Claim 229, wherein the step of placing the part on a 
part support includes placing the part on a part support including a conveyor. 

1 5 242. The method of Claim 229, wherein the plurality of measurements are 

continuously taken while the section of the part is being coated. 

243. A method for applying a coating to a section of a part, said method 
comprising the steps of: 
20 (a) placing the part on a part support; 

(b) taking an initial measurement of the dimension of the section of the 
part to be coated; 

(c) calculating an- initial amount of coating to be applied to the section of 
the part based on said initial measurement and a desired coating thickness; 

25 (d) applying the initial amount of coating to the part while taking 

measurements of the coating thickness; 

(e) calculating a final amount of coating to be applied to the section of 
the part based on the measurements of the coating thickness and the desired 
coating thickness; 

30 (f) applying said final amount of coating to the section of the part while 

continuing to take measurements of the coating thickness; and 
(g) removing the part from the part support. 
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244. The method of Claim 243, wherein the step of measuring the coating 
thickness includes projecting at least a portion of a laser beam on opposing sides 
of the section of the part being coated. 

245. The method of Claim 243, wherein the step of measuring the coating 
thickness includes horizontally projecting a laser beam at a level of the section of 
the part being coated. 

246. The method of Claim 243, wherein the step of measuring the coating 
thickness includes projecting a laser beam in a plane of the section of the part 
being coated. 

247. The method of Claim 246, wherein the step of measuring the coating 
thickness further includes horizontally projecting a portion of the laser beam on 
opposing sides of the section of the part being coated. 

248. The method of Claim 243, wherein the step of measuring the coating 
thickness includes projecting a laser beam in a plane of the section of the part 
being coated and wherein the dimension of the laser beam is greater than a 
diameter of the section of the part being coated including the coating thickness. 

249. The method of Claim 243, wherein the step of calculating the initial 
amount of coating includes calculating an initial amount of coating that is greater 
than the final amount of coating. 

250. The method of Claim 243, wherein the step of calculating the initial 
amount of coating includes calculating an initial amount of coating that is greater 
than half of a total amount of coating applied to the part. 
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251. The method of Claim 243, wherein the step of calculating the initial 
amount of coating includes calculating an initial amount of coating that is greater 
than approximately 90% of a total amount of coating applied to the part. 

5 252. The method of Claim 243, which includes the step of prompting a 

user when the measurement of the coating thickness is not within a predetermined 
range of acceptable thicknesses for that coating. 

253. A method for applying a coating to a section of a part, said method 
1 0 comprising the steps of: 

(a) taking initial measurements of the dimension of the section of the 
part to be coated; 

(b) calculating an initial amount of coating to be applied to the section of 
the part based on said initial measurements and a desired coating thickness; 

1 5 (c) applying the initial amount of coating to the part; 

(d) intermediately taking at least one measurement of the coating 
thickness before the initial amount of coating cures; 

(e) calculating a final amount of coating to be applied to the section of 
the part based on said intermediate measurements and the desired coating 

20 thickness; and 

(f) applying the final amount of coating to the section of the part. 

254. A method for applying a coating to a section of a part, said method 
comprising the steps of: 

25 (a) placing the part on a part support; 

(b) applying an initial amount of coating to the section of the part based 
on a desired coating thickness while measuring the thickness of the coating by 
projecting a laser beam at a level of the section of the part being coated from a 
laser generator to a laser receiver and calculating the coating thickness based on 

30 the portions of the laser beam not blocked by the part; 
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(c) calculating a final amount of coating to apply to the section of the 
part based on the coating thickness after the initial amount of the coating is 
applied and the desired coating thickness; 

(d) applying the final amount of coating to the section of the part while 
5 continuing to measure the coating thickness; and 

(e) removing the part from the part support. 

255. The method of Claim 254, wherein the step of applying the initial 
amount of coating includes applying the initial amount of coating until the 

10 measurement of the coating thickness is greater than approximately half of the 
desired coating thickness. 

256. A method for applying a coating to a section of a part, said method 
comprising the steps of: 

1 5 (a) placing the part on a part support; 

(b) initially measuring the dimension of the section of the part to be 
coated; 

(c) calculating an initial amount of coating to apply to the section of the 
part based on the initial dimension and the desired coating thickness; 

20 (d) applying the initial amount of coating to the section of the part while 

projecting a laser beam at a level of the section of the part to measure the coating 
thickness; 

(e) calculating a final amount of coating to apply to the section of the 
part based on the measurement and desired thickness of the coating on the part; 
25 (f) applying the final amount of coating to the section of the part while 

projecting a laser beam at the level of the section of the part to measure the 
coating thickness; and 

(g) removing the part from the part support. 

30 257. The method of Claim 256, wherein the step of projecting the laser 

beam includes projecting at least a portion of the laser beam on opposing sides of 
the section of the part. 
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258. A method for applying a coating to a section of a part, said method 
comprising the steps of: 

(a) placing the part on a part support; 
5 (b) initially measuring the dimension of the section of the part to be 

coated; 

(c) applying an amount of coating to the section of the part being coated 
based on continuous measurements of the coating thickness, a desired coating 
thickness and the initial dimension of the section of the part to be coated; and 
1 o (d) removing the part from the part support when the measurement of 

the coating thickness and the initial dimension of the section of the part to be 
coated, is within a range of acceptable dimensions for the coating thickness and 
the initial dimension of the section of the part to be coated. 

1 5 259. The method of Claim 258, wherein the step of taking the continuous 

measurements of the coating thickness includes projecting at least a portion of a 
laser beam on opposing sides of the section of the part being coated. 

260. The method of Claim 258, wherein the step of taking the continuous 
20 measurements of the coating thickness includes horizontally projecting a laser 

beam at a level of the section of the part being coated. 

261 . The method of Claim 258, wherein the step of taking the continuous 
measurements of the coating thickness includes projecting a laser beam in a plane 

25 of the section of the part being coated. 

262. The method of Claim 261 , wherein the step of taking the continuous 
measurements of the coating thickness includes projecting a portion of the laser 
beam on opposing sides of the section of the part being coated. 

30 
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263. The method of Claim 258, wherein the step of applying an amount of 
coating to the section of the part includes applying the coating in a plurality of 
stages based on said coating thickness measurements. 

5 264. The method of Claim 263, which includes the step of applying an 

initial amount of coating and a final amount of coating to the section of the part by 
calculating the initial amount of coating and the final amount of coating based on 
the measurements and desired thickness of the coating, wherein the initial amount 
of coating is greater than the final amount of coating. 

10 

265. The method of Claim 263, which includes the step of applying an 
initial amount of coating and a final amount of coating to the section of the part by 
calculating the initial amount of coating and the final amount of coating based on 
the measurements and desired thickness of the coating, wherein the initial amount 

15 of coating is greater than approximately 90% of a total amount of coating applied 
to the part. 

266. The method of Claim 258, which includes the step of prompting a 
user when the measurement of the coating thickness is not within the range of 

20 acceptable thickness. 

267. A method for applying a coating to a section of a part, said method 
comprising the steps of: 

(a) applying an amount of coating to the section of the part being coated 
25 based on continuous measurements of the thickness of the coating and a desired 

coating thickness until the measurements of the coating thickness are within a 
range of acceptable thickness for the coating; and 

(b) curing the coating on the section of the part. 

30 268. The method of Claim 267, which includes placing the part on a 

conveyor before the continuous measurements are taken. 
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269. A method for applying a coating to a section of a part, said method 
comprising the steps of: 

(a) placing the part on a part support; 

(b) applying an amount of coating to the section of the part until a 
5 thickness measurement of the coating is within a range of acceptable thickness for 

the coating, said amount of coating based on a plurality of measurements of the 
coating thickness taken before and while the section of the part is being coated 
and a desired coating thickness; and 

(c) removing the part from the part support. 

10 

270. The method of Claim 269, wherein the step of taking the plurality of 
measurements of the coating thickness includes projecting at least a portion of a 
laser beam on opposing sides of the section of the part being coated. 

15 271 . The method of Claim 269, wherein the step of taking the plurality of 

measurements of the coating thickness includes horizontally projecting a laser 
beam at a level of the section of the part being coated. 

272. The method of Claim 269, wherein the step of taking the plurality of 
20 measurements of the coating thickness includes projecting a laser beam in a plane 

of the section of the part being coated. 

273. The method of Claim 272, wherein the step of taking the plurality of 
measurements of the coating thickness includes projecting a portion of the laser 

25 beam on opposing sides of the section of the part being coated. 

274. The method of Claim 269, wherein the step of taking the plurality of 
measurements of the coating thickness includes projecting a laser beam in a plane 
of the section of the part being coated and wherein the dimension of the laser 

30 beam is greater than the diameter of the section of the part being coated including 
the coating thickness. 
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275. The method of Claim 269, wherein the step of applying an amount of 
coating to the section of the part includes applying the coating in a plurality of 
stages based on said plurality of measurements. 

5 276. The method of Claim 275, which includes the step of applying an 

initial amount of coating and a final amount of coating to the section of the part by 
calculating the initial amount of coating and the final amount of coating based on 
the plurality of measurements and desired coating thickness, wherein the initial 
amount of coating is greater than the final amount of coating. 

10 

277. The method of Claim 275, which includes the step of applying an 
initial amount of coating and a final amount of coating to the section of the part by 
calculating the initial amount of coating and the final amount of coating based on 
the plurality of measurements and desired coating thickness, wherein the initial 

15 amount of coating is greater than approximately 90% of a total amount of coating 
applied to the part. 

278. The method of Claim 269, which includes the step of prompting a 
user when at least one of the coating thickness measurements is not within the 

20 range of acceptable coating thickness. 

279. The method of Claim 269, which includes the step of curing the 
coating on the section of the part after the coating has been applied to the section 
of the part and the part is removed from the part support. 

25 

280. The method of Claim 269, wherein the plurality of coating thickness 
measurements are continuously taken while the section of the part is being 
coated. 

30 281 . A method for applying a coating to a section of a part, said method 

comprising the steps of: 

(a) placing the part on a part support; 
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(b) taking initial measurements of the dimension of the section of the 
part to be coated; 

(c) calculating an initial amount of coating to be applied to the section of 
the part based on said initial measurements, a desired coating thickness and a 

5 desired dimension for the section of the part; 

(d) applying the initial amount of coating to the part while continuing to 
take measurements of the dimension of the section of the part and calculating the 
coating thickness based on said measurements; 

(e) calculating a final amount of coating to be applied to the section of 
10 the part based on said measurements, the desired coating thickness and the 

desired dimension of the section of the part; 

(f) applying the final amount of coating to the section of the part while 
continuing to take measurements of the dimension of the section of the part and 
calculating the coating thickness based on the said measurements; and 

1 5 (h) removing the part from the part support. 

282. A method for applying multiple coatings to a section of a part, said 
method comprising the steps of: 

(a) placing the part on a part support; 
20 (b) taking initial measurements of the dimension of the section of the 

part to be coated; 

(c) calculating an initial amount of coating to be applied to the section of 
the part based on said initial measurements and a desired coating thickness; 

(d) applying the initial amount of coating to the part while taking 
25 measurements of the coating thickness; 

(e) calculating a final amount of coating to be applied to the section of 
the part based on said measurements and the desired coating thickness; 

(f) applying the final amount of the coating to the section of the part 
while taking measurements of the coating thickness; 

30 (g) repeating steps (c) to (f) for each of the coatings being applied to the 

section of the part; and 
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(h) removing the part from the part support after all of the coatings have 
been applied to the section of the part. 

283. The method of Claim 282 , wherein the coatings include a base 
coating, a middle coating and a top coating. 

284. A method for applying a coating to a section of a part, said method 
comprising the steps of: 

(a) placing the part on a part support; 

(b) initially measuring at least two different planes of a dimension of the 
section of the part to be coated using a part measurer including a laser generator, 
laser receiver and a digital camera; 

(c) calculating an initial amount of coating to be applied to the section of 
the part based on the initial dimension measurement and desired dimension of the 
section of the part; 

(d) applying the initial amount of coating to the part while continuing to 
measure the dimension of the section of the part being coated; 

(e) calculating a final amount of coating to be applied to the section of 
the part based on said dimension measurement and the desired dimension of the 
section of the part; 

(f) applying the final amount of coating to the section of the part while 
continuing to measure the dimensions of the section of the part being coated; and 

(g) removing the part from the part support. 

285. The method of Claim 284, wherein the step of measuring the part 
includes taking sequential digital pictures of the part. 

286. The method of Claim 284, wherein the part measurer includes a 
plurality of digital cameras. 
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287. The method of Claim 286, which includes the step of taking at least 
two different digital pictures of the section of the part being coated using the digital 
cameras. 

5 288. The method of Claim 286, which includes the step of taking at least 

one digital picture of at least two different sections of the part being coated using 
the digital cameras. 

289. The method of Claim 284, which includes the step of prompting a 
10 user when a defect or irregularity is detected on the surface of the part being 

coated. 

290. The method of Claim 284, wherein the step of measuring the section 
of the part includes projecting at least a portion of a laser beam on opposing sides 

1 5 of the section of the part being coated. 

291 . The method of Claim 284, wherein the step of measuring the section 
of the part includes horizontally projecting a laser beam at a level of the section of 
the part being coated. 

20 

292. The method of Claim 284, wherein the step of measuring the section 
of the part includes projecting a laser beam in a plane of the section of the part 
being coated. 

25 293. The method of Claim 284, wherein the step of measuring the section 

of the part further includes horizontally projecting a portion of the laser beam on 
opposing sides of the section of the part being coated. 

294. The method of Claim 284, wherein the step of measuring the section 
30 of the part includes projecting a laser beam in a plane of the section of the part 
being coated and wherein the dimension of the laser beam is greater than the 
diameter of the section of the part being coated. 
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295. The method of Claim 284, which includes the step of displaying the 
measurements of the section of the part on a display device. 

5 296. The method of Claim 284, which includes the step of prompting a 

user when at least one of the measurements of the section of the part being 
coated is not within a predetermined range of acceptable dimensions for the 
coated part. 

10 297. The method of Claim 284, which includes the step of communicating 

the measurements taken by the part measurer to a processor via a wireless 
communication device. 

298. The method of Claim 284, wherein the coating includes a powder 
15 coating applied to the section of the part using at least one powder coating 

sprayer. 

299. The method of Claim 298, which includes the step of repeating steps 
(b) to (f) until a desired number of coating layers are applied to the section of the 

20 part. 

300. The method of Claim 284, wherein the steps of applying the coating 
to the section of the part includes electrostatically applying the coating to the 
section of the part. 

25 

301 . The method of Claim 284, wherein the coating applied to the section 
of the part includes at least one of the coatings selected from the group consisting 
of: a liquid coating, a powder coating, a primer coating and a topcoat. 

30 302. A method for applying a coating to a section of a part, said method 

comprising the steps of: 

(a) placing the part on a part support; 
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(b) initially measuring at least two different planes of a dimension of the 
section of the part to be coated using a part measurer including a digital camera; 

(c) calculating an initial amount of coating to be applied to the section of 
the part based on the initial dimension measurement and desired dimension of the 

5 section of the part; 

(d) applying the initial amount of coating to the part while continuing to 
measure the dimension of the section of the part being coated; 

(e) calculating a final amount of coating to be applied to the section of 
the part based on said dimension measurement and the desired dimension of the 

10 section of the part; 

(f) applying the final amount of coating to the section of the part while 
continuing to measure the dimension of the section of the part being coated; and 

(g) removing the part from the part support. 

1 5 303. The method of Claim 302, wherein the step of measuring the part 

includes taking sequential digital pictures of the part. 

304. The method of Claim 302, wherein the part measurer includes a 
plurality of digital cameras. 

20 

305. The method of Claim 304, which includes the step of taking at least 
two different digital pictures of the section of the part being coated using the digital 
cameras. 

25 306. The method of Claim 304, which includes the step of taking at least 

one digital picture of at least two different sections of the part being coated using 
the digital cameras. 

307. The method of Claim 302, which includes the step of prompting a 
30 user when a defect or irregularity is detected on the surface of the part being 
coated. 
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308. The method of Claim 302, which includes the step of displaying a 
digital motion picture of the section of the part being coated on a display device. 



309. The method of Claim 302, which includes the step of displaying a 
5 digital picture of the section of the part being coated on a display device. 

310. The method of Claim 302, which includes the step of prompting a 
user when at least one of the measurements of the section of the part being 
coated is not within a predetermined range of acceptable dimensions for the 

10 coated part. 

31 1 . The method of Claim 302, wherein the coating includes a powder 
coating applied to the section of the part using at least one powder coating 
sprayer. 

15 

312. The method of Claim 31 1 , which includes the step of repeating steps 
(b) to (f) until a desired number of coating layers are applied to the section of the 
part. 

20 313. The method of Claim 302, wherein the steps of applying the coating 

to the section of the part includes electrostatically applying the coating to the 
section of the part. 

314. The method of Claim 302, wherein the coating applied to the section 
25 of the part includes at least one of the coatings selected from the group consisting 

of: a liquid coating, a powder coating, a primer coating and a topcoat. 

315. A method for applying a coating to a section of a part, said method 
comprising the steps of: 

30 (a) placing the part on a part support; 

(b) applying an amount of coating to the section of the part until a 
dimensional measurement of the section of the part taken by a part measurer 
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including a laser generator, laser receiver and a digital camera is within a range of 
acceptable dimensions for the section of the part, said amount of coating based on 
at least two measurements of the section of the part using the part measurer taken 
before and while the section of the part is being coated and a desired dimension of 
5 the section of the part; 

(c) comparing at least one digital picture taken by the digital camera with 
a desired picture of the coated part; 

(d) detecting any defects on the surface of the part being coated while 
the part is being coated; 

10 (e) discarding the part if a defect is detected on the surface of the part; 

and 

(f) removing the part from the part support when the section of the 
coated part is within the range of acceptable dimensions for the section of the part 
and no defects were detected on the part. 

15 

316. The method of Claim 315, wherein the step of comparing the digital 
picture to a desired picture of the part includes comparing each pixel of the 
pictures. 

20 317. The method of Claim 315, which includes the step of displaying the 

measurements of the section of the part on a display device. 

318. The method of Claim 315, which includes the step of prompting a 
user when at least one of the measurements of the section of the part being 

25 coated is not within a predetermined range of acceptable dimensions for the 
coated part. 

31 9. The method of Claim 315, which includes the step of moving the 
digital camera to take at least one digital picture of the section of the part being 

30 coated. 
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320. The method of Claim 315, which includes the step of rotating the 
digital camera to take at least one digital picture of the section of the part being 
coated. 

5 321 . A coating apparatus comprising: 

a part support; and 

a part measurer including a laser generator, a laser receiver and at least 
one digital camera positioned adjacent to the part support, wherein prior to coating 
the part, the part measurer is operable to measure at least two different planes of 
10 a dimension of a section of an uncoated part supported by the part support, 
compare the measurements to an acceptable range of dimensions for the 
uncoated part and reject the uncoated part when at least one of the 
measurements is not within said acceptable range of dimensions. 

15 322. The apparatus of Claim 321, wherein the part measurer is operable 

to measure at least one dimension of at least two different sections of the 
uncoated part and reject the uncoated part when at least one of the 
measurements is not within an acceptable range of dimensions associated with 
each of the sections. 

20 

323. The apparatus of Claim 321, which includes a display device in 
communication with the part measurer and displays at least one measurement of 
the uncoated part. 

25 324. The apparatus of Claim 323, wherein the display device displays a 

digital motion picture of the uncoated part. 

325. The method of Claim 323, wherein the display device displays a 
digital picture of the uncoated part. 

30 

326. The apparatus of Claim 323, wherein the display device prompts a 
user when the part measurer rejects a part. 
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327. A method for measuring a part, said method comprising the steps of: 

(a) placing an uncoated part on a part support; 

(b) measuring a least two different planes of a dimension of a section of 
5 the uncoated part using a part measurer including a laser generator, a laser 

receiver and at least one digital camera; 

(c) rejecting the uncoated part when at least one of the measurements 
is not within an acceptable range of dimensions for a section of the uncoated part; 
and 

10 (d) applying a coating to the section of the part when the uncoated part 

is not rejected. 

328. The method of Claim 327, wherein the step of measuring the part 
includes measuring at least one dimension of at least two different sections of the 

15 uncoated part. 

329. The method of Claim 327, which includes the step of rejecting the 
uncoated part when at least one of the measurements is not within an acceptable 
range of dimensions associated with each of the sections. 

20 

330. The method of Claim 327, which includes the step of displaying at 
least one of the measurements on a display device. 

331 . The method of Claim 330, which includes the step of displaying a 
25 digital motion picture of the uncoated part on the display device. 

332. The method of Claim 330, which includes the step of displaying a 
digital picture of the uncoated part on the display device. 

30 333. The method of Claim 330, which includes the step of prompting a 

user when a part is rejected using the display device. 
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334. A method for applying a coating to a section of a part, said method 
comprising the steps of: 

(a) placing the part on a part support; 

(b) initially measuring at least two different planes of a dimension of the 
5 section of the part to be coated using a part measurer including a laser generator, 

laser receiver and a digital camera; 

(c) calculating an initial amount of coating to be applied to the section of 
the part based on the initial dimension measurement and desired dimension of the 
section of the part; 

10 (d) applying the initial amount of coating to the part while continuing to 

measure the dimension of the section of the part being coated; 

(e) curing the coated part after the initial amount of coating is applied to 
the part; 

(f) calculating a final amount of coating to be applied to the section of 
15 the part based on said dimension measurement and the desired dimension of the 

section of the part; 

(g) applying the final amount of coating to the section of the part while 
continuing to measure the dimensions of the section of the part being coated; 

(h) curing the coated part after the final amount of coating is applied to 
20 the part; and 

(i) removing the part from the part support. 

335. The method of Claim 334, which includes the step of cooling the 
coated part after step (e). 

25 

336. The method of Claim 334, wherein the step of measuring the part 
includes taking sequential digital pictures of the part. 

337. The method of Claim 334, wherein the part measurer includes a 
30 plurality of digital cameras. 
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338. The method of Claim 337, which includes the step of taking at least 
two different digital pictures of the section of the part being coated using the digital 
cameras. 

5 339. The method of Claim 337, which includes the step of taking at least 

one digital picture of at least two different sections of the part being coated using 
the digital cameras. 

340. The method of Claim 334, which includes the step of prompting a 
10 user when a defect or irregularity is detected on the surface of the part being 

coated. 

341 . The method of Claim 334, wherein the step of measuring the section 
of the part includes projecting at least a portion of a laser beam on opposing sides 

1 5 of the section of the part being coated. 

342. The method of Claim 334, wherein the step of measuring the section 
of the part includes horizontally projecting a laser beam at a level of the section of 
the part being coated. 

20 

343. The method of Claim 334, wherein the step of measuring the section 
of the part includes projecting a laser beam in a plane of the section of the part 
being coated. 

25 344. The method of Claim 334, wherein the step of measuring the section 

of the part further includes horizontally projecting a portion of the laser beam on 
opposing sides of the section of the part being coated. 

345. The method of Claim 334, wherein the step of measuring the section 
30 of the part includes projecting a laser beam in a plane of the section of the part 
being coated and wherein the dimension of the laser beam is greater than the 
diameter of the section of the part being coated. 
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346. The method of Claim 334, which includes the step of displaying the 
measurements of the section of the part on a display device. 

5 347. The method of Claim 334, which includes the step of prompting a 

user when at least one of the measurements of the section of the part being 
coated is not within a predetermined range of acceptable dimensions for the 
coated part. 



1 0 348. The method of Claim 334, which includes the step of communicating 

the measurements taken by the part measurer to a processor via a wireless 
communication device. 
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